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STATE OF COLORADO

WATER QUALITY CONTROL COMMISSION
A IQCC-CC-B2

- 300 Cherry Creek Drive South

Denver, Colorado 80222-1530

Phone: {303) 692-3520

Roy Romer

Governor

Patricia A. Nolan, MD, MPH
Executive Director

NOTICE OF FINAL ADOPTION
PURSUANT to the provisions of sectione 24-4-103(5) and 24-4-103(11), C.R.S.

NOTICE IS HEREBY GIVEN that the Colorado Water Quality Control Commission, after
a public hearing on September 7, 1993, and complying with the provisions of
24-4-103(3), (4) and 25-8-401(1), C.R.S., amended on September 7, 1993, pursuant
to 25-8-202(1)(a), (b), and (2); 25-8-203; and 25-8-204, C.R.S., and Section
© 2.1.3 of the "Procedural Rules” the regulation entitled:

"Claesifications and Numeric Standards for San Juan and Dolores River .
Basins”, 3.4.0 (5 CCR 1002-8)

Providiné for amendment for the water quality standard for selenium and to
correct a typographical error on the silver Trout equation.

Also, pursuant to 24-4-103(8)(b), C.R.S., this amendment was submitted to the
Attorney General for review and was found to be within the authority of the Water
Quality Control Commission to promulgate, and further that there are no apparent
constitutional deficiencies in its form or substance. Furthermore, in adopting
this amendment the Commission also adopted a general Statement of Basis, Specific
Statutory Authority, and Purpose in compliance with 24-4-103(4), C.R.S.

This amendment will be submitted to the Office of Legislative Legal Services
within twenty (20) days after the date of the Attorney General’'s Opinion,
pursuant to 24-4-103(8)(d), C.R.S., and to the Secretary of State in time for
October 10, 1993 publication in the Colorado Register pursuant to 24-4-103(S) and
(11)(d), C.R.S., and will become effective October 30, 1993. _

A copy of the amended regulation is attached and made a part of this notice.*

Dated this 27th day of September, 1993, at Denver, Colorado.

WATER QUALITY CONTROL COMMISSION

L
Mézla L. Biberstine, Staff Assistant

*A coﬁy of this regulation
is available at a charge of $5.00
pursuant to 24-4-103(9), C.R.S.

se93.fa

@ Printed on Recycled Paper




3.4.0

3.4.1

34.2

3.4.3

3.4.4

CLASSIFICATIONS AND NUMERIC STANDARDS

SAN JUAN RIVER AND DOLORES RIVER BASINS
AUTHORITY

These Regulations are promulgated pursuant to C.R.S. 1973, 25-8-101 et
seq., as amended, and in particular, 25-8-203 and 25-8-204.

PURPOSE

These regulations establish classifications and numeric standards for the
San Juan and the Dolores River Basins, including all tributaries and standing
bodies of water south of the northern Dolores County lines, as indicated in
Section 3.4.6. The classifications identify the actual beneficial uses of the
water. The numeric standards are assigned to determine the allowable
concentrations of various parameters. Discharge permits will be issued by
the Water Quality Control Division to comply with basic, narrative, and
numeric standards and controt regulations so that all discharges to waters
of the State protect the classified uses. (See Section 3.1.14). ltis intended
that these and all other stream classifications and numeric standards be
used in conjunction with and be an integral part of Regulation 3.1.0 -
REGULATIONS ESTABLISHING BASIC STANDARDS AND AN
ANTIDEGRADATION STANDARD AND ESTABLISHING A SYSTEM FOR
CLASSIFYING STATE WATERS, AND ASSIGNING STANDARDS. AND FOR
GRANTING TEMPORARY MODIFICATIONS.

INTRODUCTION

These Regulations and Tables present the classifications and numeric

" standards assigned to' stream segments listed in the attached Tables (See

Section 3.4.7). As additional stream segments are classified and numeric
standards for designated parameters are assigned for this drainage system,
they will be added to or replace the numeric standards in the Tables in
Section 3.4.7. Any additions or revisions of classifications or numeric
standards can be accomplished only after public hearing by the Commission
and proper consideration of evidence and testimony as specified by the
statute and the "basic regulations”.

DEFINITIONS

See the Colorado Water Quality Control Act and the codified water quality




3.4.5

regulations for definitions.

BASIC STANDARDS

(1) Al waters of the San Juan/Dolores River Basin are subject to the
following standard for temperature. (Discharges regulated by permits, which
are within the permit limitations, shall not be subject to enforcement
proceedings under this standard). Temperature shall maintain a normal
pattern of diurnal and seasonal fluctuations with no abrupt changes and
shall have no increase in temperature of a magnitude, rate, and duration
deemed deleterious to the resident aquatic life. Generally, a maximum 3°C
increase over a minimum of a four-hour period, lasting 13 hours maximum,
is deemed acceptable for discharges fluctuating in volume or temperature.
Where temperature increases cannot be maintained within this range using
Best Management Practices (BMP), Best Available Technology Ecanomically
Achievable (BATEA), and Best Practical Waste Treatment Technology
(BPWTT) control measures, the Commission may determine by a
rulemaking hearing in accordance with the requirements of the applicable
statutes and the basic regulations, whether or not a change in classification

-is warranted.

(2) See Basic Standards and Methodologies for Surface Water, 3.1.11 for
a listing of organic standards. The column in the tables headed “Water
Fish" are presumptively applied to all aquatic life class 1 streams and are
applied to aquatic life class 2 streams on a case-by-case basis as shown in
the tables in 3.4.6.

(3)  URANIUM

(@) Al waters of the San Juan/Dolores River Basin, are subject to
the following basic standard for uranium, unless otherwise
specified by a water quality standard applicable to a particular
segment. However, discharges of uranium regulated by
permits which are within these permit limitations shall not be
a basis for enforcement proceedings under this basic
standard.

(b)  Uranium level in surface waters shall be maintained at the
lowest practicable level.

(©) In no case shall uranium levels in waters assigned a water
supply classification be increased by any cause attributable to
municipal, industrial, or agricultural discharges so as to
exceed 40 pCi/l or naturally-occurring concentrations (as

2




3.46

determined by the State of Colorado), whichever is greater.

(d) In no case shall uranium levels in waters assigned a water
supply classification be increased by a cause attributable to
municipal, industrial, or agricultural discharges so as to
exceed 40 pCi/l where naturally-occurring concentrations are
less than 40 pCi/l.

TABLES

)

(@)

introduction

The numeric standards for various parameters in the attached tables
were assigned by the Commission after a careful analysis of the data

presented on actual stream conditions and on actual and potential

water uses.

Numeric standards are not assigned for all parameters listed in the
Tables attached to 3.1.0. If additional numeric standards are found
to be needed during future periodic reviews, they can be assigned
by following the proper hearing procedures.

Abbreviations:

The following abbreviations are used in the attached tables:

ac = acute (1-day)
Ag = silver

Al = aluminum

As =  arsenic

B = boron

‘Ba = barium

Be = Dberyllium

Cd = cadmium

ch = chronic (30-day)
Cl = chloride

Cl, = residual chlorine
CN = free cyanide




Crill
Crvi
Cu
dis
D.O.

F.Coli
Fe
Hg
mg/!
mi
Mn
NH,

Ni
NO,
NO,
ow

Pb

Se
SO,
sp

tr
Trec
TVS

trivalent chromium
hexavalent chromium
copper

dissolved
dissolved oxygen
fluoride

fecal coliforms
iron

mercury

milligrams per liter
milliliters
manganese

uh-ionize‘d ammonia as
N(nitrogen)

nickel

nitrite as N (nitrogen)
nitrate as N (nitrogen)
outstanding waters
phosphorus

lead

sulfide as undissociated
H,S (hydrogen sulfide)

selenium

sulfate

spawning

thallium

trout

total recoverable
table value standard

uranium

4




ug/I
uP
Zn

micrograms per liter
use-protected

zinc




3)

Table Value Standards

In certain instances in the attached tables, the designation “TVS” is
used to indicate that for a particular parameter a “table value
standard" has been adopted. This designation refers to numerical
criteria set forth in the Basic Standards and Methodologies for
Surface Water. The criteria for which the TVS are applicable are on
the following table.




JABLE VALUE STANDARDS
(Concentrations In ug/1 unless noted)

. PARAMETER®™ ' TABLE VALUE STANDARDS @ ()

Cold Water Acute = 0.43/FT/FPH/2'*) In mg/!

Ammonla .
Warm Water Acute = 0.62/FT/FPH/2 in mg/l
Acute = e(l.128[1n(n-rdn-u)]-2.905)

Cadmlum . Chfonlc = e(o.?esz[‘ln(hardnosn))-3.490)

.(Trout) = e(l'lzenﬂ(hlrdnost)]-3.528)

AC(.ItB = e(o.als[ln(hurdncu)] +3.688)

Chromium il
Chron'c = e(o.em[ln(hu-du.sl)]01.561)

Acute = 16
Chromium Vi
Chronic = 11

Acute ____e(o.Qm[h(hlrdnon)]-1.4634)V

Copper .
Chronic = g(0:8545(1n(hardness)]-1.465)

Acute =‘e(1.8148[ln(h|rdncu)] - 2.8736)

Lead
Chronic = e(l.ln[ln(hnrdmu)] - 5.167)
i 0.76[1n(hard 3.33
i Acute - e( [ "( L] ".“)]’ )
Nickel
Chronlc=e(o.?s[)n(hlrdnoll)]01.06)
f
: Acute = 135
{ Selenium ' Chronic = 17
Acute = e(l.72[la(h|rdnol.)]-7.21)
Silver
CthnlC = e(l.72(ln(h|rdnou)]-9.06)
-(Trout) = e(l.?z[ln(hlrdnotl)]-10.51)
Acute = e(x.xoz[m(n.rdn.n)]oz.naa)
. Uranium .

Chronlc = e(l.102[ln(h.rdno:|)]02.2382)




TABLE VALUE STANDARDS

(Concentrations in ug/! unless noted)

PARAMETER"

TABLE VALUE STANDARDS (3

Zinc

Acute = e(o.8173[\n(h-rdnuu)]oo.esoﬂ

Chronic = e(0.8‘73(1n(h|r\inou)] +0.7613)

(1)
@

)

“)

TABLE VALUE STANDARDS - FOOTNOTES
Metals are stated as dissolved unless otherwise specified.

Hardness values to be used in equations are in mg/l as calcium carbonate. The hardness
values used in calculating the appropriate metal standard should be based on the lower 95
per cent confidence limit of the mean hardness value at the periodic low flow criteria as
determined from a regression analysis of site-specific data. Where insufficient site-specific.
data exists to define the mean hardness value at the periodic low flow criteria, representative
regional data shall be used to perform the regression analysis. Where a regression analysis
is not appropriate, a site-specific method should be used. In calculating a hardness value,
regression analyses should not be extrapolated past the point that data exist.

Both acute and chronic numbers adopted as stream standards are levels not to be exceeded
more than once every three years on the average.

Fr = 10.03 (20-TCAP) .-
TCAP less than or equal to T less than or equal to 30

r_—r = 10 .03(20-7).
0 less or equal to T less than or equal to TCAP

TCAP = 20° C cold water aquatic life species present
TCAP = 25° C cold water aquatic life species absent
FPH = 1; 8 less than pH less than or equal to 9

FPH = 1 + 109-%*"- g5 |ess than or equal to pH less than
1.25 orequalto 8

FPH means the acute pH adjustment factor; defined by the above formulas.
FT Means the acute temperature adjustment factor, defined by the above formulas.

T means temperature measured in degrees celsius.

TCAP means temperature CAP; the maximum temperature which affects the toxicity of '

ammonia to salmonid and non-salmonid fish groups.

NOTE: |f the calculated acute value is less than the calculated chronic value, then the
calculated chronic value shall be used as the acute standard.
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STREAM CLASSIFICATIONS anUATER G

STAN DHRGS

———

ALY

REGION: 9 Desig Classifications NUMERIC STANDARDS TEMPORARY ‘.
MOOIFICATIONS
BASIN: SAN JUAN RIVER AND
: PHYSICAL THORGANIC METALS QUALLFIERS
Stresm Segment Description BlOL.O'gICAL
mg /1 ug/)
1. Mainstem of the Navejo River Aq Life Cold 1 0.0. = 6. mg NH,{ac)=TVS $=0.002 As(ac -5o§rr.c) Fe{ch -Sooédh) Ni(ac/ch)=TVS !
and the Little Navajo River, Recrestion 1 D.O. sug)-7 [ TA NH,(ch)=0.02 8-0.75 Cd{ac)}=TVS(tr) Fe{ch)=100 s'lroc) Se{ch}=1l ;Tr.c)
including s}l tributariaes, Water Supply FN C1,{ec)=0.019 NO,=0.08 Cd{ch)=TVS Pbfac/ch)=T Aglac)=TV '
lakes and reservoirs, from Agriculturs Co1$=200/100m) €1,{ch)=0.011 NO,=10 Crill(ac)=50(Trec) Mn{ch)=50(d1s) Ag{ch)=TVS(tr)
the boundary of the South San CN=0.005 C1=250 Crvl(uc‘ch‘- vs Mn(ch)=1000 Yrccl In{ac/ch)=Tv |
Juan Vﬂia;nou ?I’.l to the 50,=250 Cu(ec/ch)=tvs Hg(ch)=0.01(Trec .
San Juan-Cheme diversion,
2. Matinstem of the Navajo River Aq Life Cold 1 0.0. = 6.0 nz NH,(ac)=TVS $=0.002 As(ch)=50 Fe(ch)=300(d1s) Hg(ch}=.03 A1l metals
from the San Juan-Chams Recreation 1 0.0. élp)-7 mg/1 NH,(ch}=0.02 8=0.75% Cd{ch)=.4 Fe(ch)=1200 Ni{ch)=50 are Trec
diversion to the Colorado/New Water Supply Fﬂ Cl,(ac)=0.019 NO,=0.05 Cr u(cn)-so Pb{ch)=5 Se(ch}=10 unless
Mexico border near Edith, Agriculture Col11=200/100m) Cly(ch)=0.011 NOy=10 Crvi(ch -25 Mn{ch)=50(dts) Ag{ch)=.1 otherwise
Colorado and from the CN=0,005 C1=250 Cu(ch)= Mn(ch) =10 In{ch)=50 noted.
Colorsdo/Hew Mexico border $0,~250
tothe confluence with the Sen
Jusn River,
3. Mainstem of the Little Navajo Aq Life Warm 2 D0.0. = 5,0 mg/
River from the San Jusn-Chama Recrestion 2 H = 6.5-9.0
diverston to the confluence Agriculture .Co1122000/100m)
with the Navajo River; all up
tributaries to the Navajo
River and the Little Navajo
River, including al) lakes
and Reservoirs, from ths San
Juan-Chama diversions to the
;cimﬂuonc. with the Sen Juan
Yor,
4. A1l tributaries to the San Aq Life Cold 1 D.0. = 6.0 nx NH,(ac)=TVS $=0.002 As(sc -Sogir.c) Fe(ch -Jgoédil) Ni(ac/ch)=TVS
Juen River, Rfo Blanco, end Recrestion 1 D.O. ng)-7 [ TA NH,{ch)}=0.02 8=0.75 Cd(ac)=1vS(tr) Fa(ch)=1 slroc) Se{ch}=1 ;71‘0«:)
Navajo River including a)} Water Supply EH = 6. Cl,(ec)=0.019 NO,=0.08 Cd(ch)=TYS Pb({acfch)=T Ag(ac)e=TV
Takes n:d rour;o!:n. which Agriculture .Co11=200/100m) ‘C:l, cr(.m-so.ou ::‘?’-2{5% gr H(-c)-so Trec) :n c: -.;)0831:) ;g ch’-:\)ls tr)
are within the Weminuche N=0. - rVIi(ac/ch n(ch)= rec n{ac/c
:i‘d.l‘!!l:;l sres ;nd South San SO,=250 Cu(-c/c‘) *VS Hg(ch)=0.01 l’roc; ‘
Hep W arness Area,
8. Msinstem of the San Jusn Aq Life Cotd 1 0.0. = 6.0 .’8 ] NH,(sc)=TVS $+0.002 -50 Trec) Fe(ch -30084“) Ni(ac/ch)=TVS '
sw:r'on: 'v.':llg Fosk and 3.::-..;10»\‘1 0.0. 8.5)376 mg /1 gl;l, ch -g'8§9 'Bé:).gsoa -TV (tr) ;; 100 STr.c) in ch -%vgh‘cc)
est Fork o e San Juan ater Su - -9. ac)=0. =0, acfch sc)e !
River, from the boundary of Agrlcultcgoy E.Con-zoo/moul Cl: ¢ch)=0.011 NO,=10 ll(nc)-50 Troc) Mn{ch) =5l (dh) Ag ch)=TVS tr)
the Wemtnuche Wilderness Ares CN=0.008 Ci=250 Cer(ac ch% VS Mn{ch)=1000(Trec In(ec/ch)=
West Fork) and the source 50,2250 Cu(nc[c )=Tvs Hg{ch)=0.01(Trec
East Fork) to the confluence
with Fourmile Creek,
including all tributaries,
Takes and reservoirs except
for tributaries, lakes, and
rnorvoir: incliuded in
__J.m_qnt N
Matnstem of the San Juan Aq Life Cold 1 D.0. = 6.0 mg/} NH,(ac)=TVS $=0.002 As(ch)=50 Fa(ch)=2400 Sef(c -20 A1l metals
River from the confluence Recreation 1 0.0. (sp)=7.0 mg/ NH,(ch)=0.02 8=0.75 Cd{ch)e=.4 Pb{ch)=10 Aglc are Trec
with Fourmile Creek to Navajo Agriculture H = 6.5-9. €1,(sc)=0.019 NO,~0.08 Cr ll(ch) 100 Mn(ch)=1000 In{c -50 unless
Reservoir. .Co11=200/100m1 Cly(ch)=0.011 NO,=100 CrvI(ch)=25 Hg(ch)=50 otherwise
CN=0,00 Cuf{ch)=20 Ni{ch)=50 noted,
7. Navajo Reservoir (portion in Aq Life Warm 1 0.0. = 5 0 mg/l NH,(ac)=TVS $=0.002 As{ch)=50 Fe(ch -3003“-) Hg(ch)=.05 A1l metals
Colorade. Recreation 1 FN NH,(ch)=0.02 8=0.75 Cd(ch)=.4 Fe{ch)=100 N? h)=50 are Trec
Water Supply Coll-ZOO/lOOml C1,(ac)=0.019 NO,=0.5 CrilI(ch)=50 Pb(ch}=4 Se(ch)=10 unless
Agriculture Cly(ch)=0.011 NO,=10 CrVvi(ch)«=25 Mn(ch)=50(d1s) Ag{ch)=.1 otherwise
CN=0.005 gcl’-z;go Cu(ch)= Mn (ch)=1000 In{ch)=50 noted.
) =
9. Mainstem of the Rfo 8lanco, Aq Life Cold 1 0.0. = 6.0 mg NH,(ac)=VVS S$=0.002 -50 Trec) Fe(ch -30%“.) Ni(ac/ch)=TVS
:n:ludlng al} !r‘bunrl;l. Rocrou;!on‘l D 0. él );7 mg /1 g)'(, ch -8.8%9 %:).gsos Cd .c -}’;s(tr) :; ch -'l‘()) T‘STnc) io ch -l ;Yrcc)
akes, and reservoirs, from Water Supp ac)=0, =0. - acfch)= ac
the boundary of South San Agr!culturoy F Co1{=200/100m) Cl: ch)=0.011 NO,=10 n(-c)-so Trec) Mn(ch)=50(dis) g g{ch -TVS tr)
Jusn Wilderness Area to the CN=0.005 C1=250 Cer(ac‘ch; vs Mn(ch)=1000(Trec) Zn ac/eh)=
confluence with the San Juan S0,=250 Cu(ac/ch)=Tvs Hg(ch).01(Trec)
River, except for the
;Sociﬂc Tisting in Segment
10. Mainstem of the Rito Blanco Aq Life Cold 2 0.0. = 6.0 mg/l
River from Echo Ditch to the up Recreatton 2 D0.0. éup)-7. mg/1 !
confluence with the Rio Agriculture pH = 5-9.0
Blanco River. F.Col1=2000/100ml
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STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS

REGION: 9 Desig Classifications NUMERIC STANDARDS TEMPORARY
MODIFJCATIONS
BASIN: SAN JUAN RIVER AND
PHYSICAL INORGANIC METALS QUALIFIERS
Stream Segment Description and
BIOLOGICAL
ma/) vg/)
11.  AYY tributaries to the San Aq Life Warm 2 0.0. = 5.0 mg/}
Juan River iIn Archulets Recreation 2 Fu - 6.5-9.0
County, including al) lakes up Agriculture .C01422000/100m1
and roeor::'r:. Ql:.p; for
spscific stings In Segments
1, 4, 5, and $ _




Page3 . STREAM CLASSIFICATIOGNS and“-\TER QUALITY STANDARDS

‘ .

REGION: 9 Desig Classifications NUMERIC STANDARDS d%ﬁ??&‘s " .
BASIN: PIEORA RIVER AND
PHYSICAL INORGANIC METALS QUALIFIERS
Stream Segment Description and
B8IOLOGICAL
L. TA ug/l
1. A1l tributaries to the Pledra Aq Life Cold 1 0.0. = 6.0 mg/l NH,(ac)=TVS S$=0.002 As(ac)=50(Trec) Fe(ch -300 d1is) Ht{acfch)=TVS
River, {ncluding al) lakes Recrestion 1 0.0. (sp)=7.0 mg/ NH,(ch)=0.02 8=0.75 Cd{ac)=TVS(tr) Fa(ch)=1000(Trec) Se(ch)=1 §Yroc)
and reservoirs, which are Water Supply H = 6.5-9.0 C),(ac)=0.019 NO,=0.08 Cd{ch)=TVS Pb{ac/ch)=TVS Aglac)=TV
within the Weminuche Agriculture .Co11=200/100m) Cl,(ch)=0.011 NO,=10 crill .e)-so Trec) Mn{ch)=50(d{s) Ag(ch)=TVS tr)
Wilderness Ares. CN=0.005 c12250 Cer(ac‘ * vs Mn(ch)=1000(Trec Zn(sc/ch)=
- 30,=250 Lulacich)=1vs Halch}=0,01{Trec
2. Matnstem of the Pledra River, Aq Life Cold 1 0.0. = 0 1] KH, (ac)=TVS $=0.002 As(8c)=50(Trec) Fe{ch -JOOSdh Ni(ac/ch)=TVS
including the East and Middle Recreation 1 0.0. (s ".8 wg/} NH,(ch)=0.02 8=0.75 Cd{ac)=YVS(tr) Fe(ch)=100 srr.c) Se{ch)=1 ;h-cc)
Forks, from the boundary of Water Supply H = 6. Cl,{ec)=0.019 No,-o 05 Cd{ch)=TvVS Pb{sc/ch)=T Ag(sc)=TV
the Weminuche Wilderness Ares Agriculture CoH-ZOO/lOOmI €1,{ch)=0.011 NO,=10 Cr ll(nc)-soproc) Mn(ch)=50(dis) Ag(ch)=TvS(tr)
to the confluence with Indian CN=D. 008 C1=250 Crvl(-c‘ch; Mn{ch)}=1000 Trec; In{ac/ch)eTvs .
Creek, except for the $0,=250 Cu(sc/ch)=Tvs Hg{ch)=0.01{Trec
specific tisting In Segment
3. Mainstem of the East Fork of Aq Life Cold 1} D.0. = 6.0 mg/ NH,{ac)=TVS $=0.002 As(ac)=50(Trec) Fe(ch)=300(dis) Ni{ac/ch)=TVS
the Pledra River from the Recreation 1 D.0.(sp)e7. 0 mg /1 NH,{ch)}=0.02 8+0.75 Cd{ac)=TvS(tr) Fe{ch)=100 ‘STr.:) Se(ch)=1 é!nc)
Pledra Fells Oftch to the Water Supply H = 6.3-9.0 C1,{ac)=0.019 No,-o 05 Cd(ch)=TVS Pb{ac/ch)=TVS Agfac)=Tv
confluence with Pagoss Creek. Agriculture .Co1$=200/100m) Cl,{ch)=0.011 NO,»10 Crill( IC)°50§YPCC) Mn(ch)=50(d1s) Ag{ch)=TVS(tr)
CN=0.005 CI-ZSO CI’VI(IC‘C'O{ Mn(ch)=1000 lroc; In(ac/ch)ely
Cufscich)=]YS Ha{ch)=0,01{Treg
4. Mainstem of the Piledrs River Aq Life Cold 1 0.0. = ng NH,(ac)=TVS 5-0.002 As(ch -50 Fe{ch)=1800 8. -20 A1l metals
from the confluence with Recreation 1 0. 0. s )-7 mg/ NH,{ch)=0.02 8+=0.78 Cd(ch)=. Pb{ch)=4 are Trec
Indian Creek to Navsejo Agriculture g -9.0 Cl{ac)~0.019 NO,=0.05 Cr ll(ch)-loo Mn(ch)=1000 -50 unless
Reservolir. CoH-ZOO/IOOml Cliy(ch)=0.011 NO,=~100 CrvI(ch -25 Hg(ch)=.05 otherwise
CN=0,008 Cu(ch) N{{ch)=50 _noted,
s. A1) tributaries to the Pledrs Aq Life Cold 1 0.0. = 6.0 m8 NH,(sc)=TVS $«0.002 -50 Trec) Fe(ch .3803‘"') Ni(ac/ch)=TVS
River, tncluding &)1 lakes Recreation 1 0.0. &l )-7 mg/ NH;(ch)=0.02 8<0.75 -TV (tr) Fe{ch)=1 siroc) Se{ch)=1 gtrcc)
snd reservoirs, from the Water Supply F“ €l,(ec}=0.019 NO,=0.05 Pb(acfch Aglac)=TV
boundary of the Weminuche Agriculture Coll-ZOD[!OOml Cly(ch)=0.011 NO,=10 ll(cc)-50 Troc) Mn(ch)=S8 dh Aglch)=TVS tr)
Wilderness Arss to a point CN=0.005 C1%250 CrVI(uc(ch‘ Mn{ch}=1000 Troc; .| In(ac/ch)=
immediataly below the $0,+250 Cu(ac/ch)=Tvs Hg(ch)=0.01(Trec
senflusnce with Devi) Creek,
6. A1l tributaries to the Pfedrs Ag Life Warm 2 D.0. = 5.0 mg/
River, including a1l lakes Recrestion 2 H = 6.5-9.0
and reservoirs, from a point up Agriculture .Co11=2000/100m\
{mmedistely below the
confluence with Devi) Creek
to Navajo Reservoir, except
for the 'poclﬂc Hoﬂngl tn
Segment 7.
7. "Hatcher Lake, Stevens Lake, Aq Life Warm 1 D. 0. -« 5.0 mg/l NH,(sc)=TVS $=0.002 As(ac)=50(Trec) Fe{ch)=300(d{s) N u{ch& VS
Pagosa Lake, Village Lake and Recrestion 2 6.5-9.0 NKH,(ch)=0.06 B=0.25 Cd(ac/ch)=TVS Fe(ch)=100 srr-c) Se{ch)=10(Trac)
fForest Laske." UP *| Water Supply CoH-ZOOO[lOOmT Cly(ac)=0.019 NO,=0.5 Crill(ec)=50(Trac) Pb(acfch)e Agl{ac/ch)=TVS
Agriculture Cl, ch)=0.011 NO,~10 Cer(uc‘ch% vs Mn(ch)=5 dh) In(sc/ch)=1Vs
CN=0.005 C1=250 Cu(ac/ch)=Tvs Mn(ch -10 Trec
$0,-250 Hg{ch)=0.01({Trec — S |
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REGION: 9 Desig Classifications NUMERIC STANDARDS HOAE??%:?:;NS
BASIN: LOS PINOS RIVER AND
PHYSICAL INORGANIC METALS GQUALIFIERS
Stream Segment Description an
BIOLOGICAL ) n
mg /1 ug

1. A1) tributaries to the Los Aq Life Cold 1 0.0. = 6.0 mg KM, {ac)=TVS $«0.002 As(ac)=50(Trec) Fe(ch)=300(d1s) Hi(sc/ch)=TVS
Pinos River, tncluding ::‘h s.cr--§1on‘l DHO. [ )-7 mg /1 :7, ch -g.gig a-o.gs s gd ac -TV (tr) :o :h'-:?o‘ ;roc) Se(ch -}vglroc)
Jakes and reservoirs, whic ater Supply - 6.5-9 acj}e =0.0 d{ch b(ac/ch)= Aglec)e
ur: within :h. Waminuche Agriculture Col!-ZOO/lO(hl g'l‘: choo-so .011 @-10 Cr l{ cc)-io ‘lroc) Hﬂn c: -.;)g gl;) ;9 ch/-:‘)ls srs')
Wilderness Ares. =0. =250 Crvi(ac/ch n(ch)= rec n{ac/ch)e=

50,2250 Cufacich)=TYS ch)=0,01{Treg

2a. Matinstem of the Los Pinps Aq Life Cold 1 D.0. m8 NH,(ac)=TVS §$=0.002 As(ac)=50(Trec) Fe(ch -3008d1l) Ni(ac ch =TVS R
River from the t'n‘wndnry of Rocro-;!on‘l D.O. gl )-7 mg/y ::0‘0, ch -g.gl;’ '6‘;0.;505 gd ac -TV (tr) Fe(ch '-100 Trec) Se(ch)= §Troc)
the Weminuche Wilderness Water Supply - ac)=0, =0, d(ch)= Pb(acfch Ag(ec
Ares to the U.S. Hwy 160 Agriculture E.C011-200/100m| Cl: ch)=0,011 no;-lo Cr ll{uc)-SOSTr.c) Mn(ch)e~5 dl-) Ag(ch -tvss!r)
except for ;ho |poc;11c CN=0.005 g;-z:g; Er:l(;c ;h -svs Mn c: -A o? ;ro:; 2n(ac/ch)=
1fsting in Segment 3. A u{ac/ch)=TVY Hg(ch)=0. rec ‘

2b. HMainstem of the Los Pinos Aq Life Cold 1 D0.0. -~ 6.0 mg/l NH,(ac)=TVS $+0.002 As(ac)=50(Trec) Fe(ch)= ooéd") Ni{ac/ch)=TVS
River from U.S. Hwy 160 to Recreation 1 0.0. élp)". [ TA NH,(ch)=0.02 8-0.75 Cda{ac)=TvS(tr) Fa{ch)=1 Trec) Se(ch}=1 ;!ro:)
the Colorado/New Mexico Water Supply F” - 6.5-9.0 Cl,(ac)=0.019 NO,=0.05 Cd{ch}=TVS Ph(ac ch -TVs Ag(ac)=TV
bordar. Agriculture .Co11=200/100m) Cl,(ch)=0.011 NO,~10 Crilt(ac)=50(Trec) Ma{ch dis) Ag{ch)=TvS{tr)

CN-b.ODS C1=250 Cer(c:‘ch¥ vs Mn{ch 0 lroe} In(ec/ch)=1VS
$0,=250 Cufac/ch)=TVS Hg(ch -0 01(Trec

3. Vallecito Reservoir. Aq Life Cold 1 0.0. mg KH,(ac)=TVS $+0.002 As(ac)=~50 Trcc) Fe(ch)=300(d1s) Ni{ac/ch)=TVS

Recrestion 1 0.0. 2 )-7 wg/ NH,(ch)=0.02 8<0.75 Cd(ac)=TvS(tr) Fe{ch)=1000(Trec) Se{ch)=1 ;Trcc)
Water Supply E - Cly{ac)=0.019 NO,=0.05 Cd(ch)=TVS Pb(ac ch =TVsS Aglac)eTV
Agriculture Coll-ZOO/lOOml C1,(ch)=0.011 NO,=10 Crill(eac)=50(Trec) Mn(ch)= d!l) Ag{ch)=TvS(tr)
CNebd. 008 C1=250 CrvI(sc ch}- vs Mn(ch -l 0(Trec In{ec/ch)=Tvs
50,2280 Cufag/en)=1YS Ha{chl=0,01(Trec

4, A1l tributarfes to the Los Aq Life Cold 1) D.O. = 6.0 mg KH,(ac)=TVS $+0.002 As(sc)=50(Trec) Fe(ch)=300(dts) NY{ac/ch)=TvS
Pinos River cn? V-lloc:%o Rocro-;ion‘l D.O. &n )-7 mg/ 2?, ch -g.gig aso gsos g: ac -IV (tr) ;o ch -;oo‘sgr.e) :c ch -l gTrcc)
Reservoir, including s Water Supply . ac)=0. - ch b(ac/ch)= g{ac
Jakes and reservoirs, from Agriculture .Col!-?OO/lOOm‘ C|: ch)=0.011 .-10 Cr lc -SosYroc) Mn{ch)=50(d1s) Ag{ch -YVS tr)
the boundary of the CN=0.008 C1-250 CrV!(uc‘ch‘ Mn{ch)=1000(Trec In{ac/ch)=
Weminuche Wilderness Area to $0,-250 Cu(ac/ch)=~TvsS Hg(ch)=0.01(Trec
a point immediately below
the conflusnce with Besr
Creek (TISN, A7W), except
for the specific listing in
Segment 5; mainstems of
Beaver Creek, Ute Cr Creek,

Ute Creek, and Spring Creek
Vro-'(ho!r nour:-n toLthoir
confluences with the Los
Pinos River,

5. Mainstem of Vallecito Creek Ag Life Cold 1 0.0. = mg NH,(ac)=TVS $«0.002 As(ac -50§Yroc) Fe(ch -3008d1-) Ni(ec :hz TVS
from the boundary of the 3 Rocru;lon‘l D.O. .g -7 mg/? ::0‘4, ch -g g‘;" '8‘60.3505 gd ac)=TVS(tr) :. ch -1(:!0T ;nc) Se(ch)e=1 ;Tnc)
Weminuche Wildernesss Ares to Water Supply . ac) = - bl(ac/ch)= Aglec)e=TY
Vallecito Reservolir. Agriculture .Coli-200/100ml 2\: c% ?? .011 2?‘;2% Er :{(az)-iogfroc) Mn(ch)=5 8d;;) ;g ch/-T;S tr)

N=0. - rYI(sc/ch Vs Mn(ch)=1000(Trec n{ac/ch
$0,-250 Cufecich) _Halch)}=0,01{Trec

6. A1) tributerfes to the Los Aq Life Cold 2 0.0. - 6.0mg
Pinos River, including all . Recrestion 2 0. O (lp -7, 0 mg/l
Yekes snd reservoirs, from a Agriculture -
point trmediately below the up Col|-2000/100nl
confluence with ‘o.r Creek

éYJSN. R7W) to the
olorado/New Mexico border,
except for the specific
Visting in Segment 4; all-
tributaries to the Ssn Juan
River in Ls Plata County.
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STREAM CLASSIFICATIONS anc‘ATE“" CALITY STAWDARD

REGION: 9 Desig Classifications NUMERIC STANDARDS DOI;E'F“I’%:??('MS
BASIN: ANIMAS AND FLORIDA RIVER ' AANFD Q
PHYSICAL INORGANTC METALS QUALIFIERS
Stream Segment Description and
BIOLOGICAL
ma /) ug /1
1. A1l tributaries to the Animas Aq Life Cold 1 0.0. = 6.0 ma NHy(ec)=TVS 5=0.002 As(ac)=50(Trec) Fa(ch)=300(d{s) Ni(acfch)=TVS -
River and Florids River, Recreation 1 0.0. (s )-7 mg/ NH,{ch)=0.02 8=0.75 Cd(ac)=TVS(tr) Fe(ch -moostnc) Se(ch)=1 gTroc)
including a1l lakes and Water Supply Fﬁ g 9.0 Cl,(ac)=0.019 NO,=0.8 Cd(ch)=TvS Pb{ac/ch)=1VS Ag(ac)=Tv
reservoirs, which sre within Agriculture CoH-ZOO/IO&a! Cly(ch)=0.011 NO,=10 Crill(ec)=50(Trec) Mn{ch)=50(dis) Ag{ch)=TvsS !r)
the Weminuche Wildarness CN=0.003 €1=250 CrVl{ac/ch vs Mn{ch -‘l’ugtl) }rce In{ac/ch)=
Aress, 20,-250 | Su“g[s‘) }!ﬁ Halchl=0, rac

2. Mainstem of the Animas River, Recreation 2 H = 6.5-9.0
including al) tributartes, CoH-ZOOO/lOOnl
from the source to a point
{cmediately above the
confluence with E1k Creek,
except for spacific 1{stings
én Sogm;nu 1 and 8 through

a_an b,

3. Mafnstem of the Animas River Aq Lifte Cole ) 0.0 0.0 04, (ee)oTVvy $=0 002 As{ Fe(ch -300(dh) Hg{ch)=.05 A1) metals |
from & point immediately Secrootton § [ ] (u‘-' ¢ og/? Wy, {en)ed 62 =0 7% tc Fe{ch})=115 Ni(ch)«50 sre Trec
above t:. confluence with Elk w weter Seso'y r [] [ 8] (' {ee}=0 010 w,~¢ o8 Ce .-).u Pb(ch)=43 Se(ch)=10 unless
Creek to the confluence with Agr tealtore Cotrapute/ 1000} s, {e0)e0 81} [ NCRY (rvlho -2¢ Mn(ch -Sgédh) Ag{ch)e.1 otherwise
Junction Creek. [ J m Calet)e M {ch)=1000 In(ch) =470 noted.

4. Mainstem of the Animas River Li0g Co'e | 0 80 -y (e )oY =0 08 Pe{ch)=300(d1s) Hg(ch)e=.05 A1) metals
from the confluence with ww h-mﬂ- ‘ |0’1 YAl (o)l 0 =t ¢ fe{ch})=1500 Ni{ch)=100 are Trec
Junction Creek to the veter Supo'y r L4 .‘ Cro{oa)e® 038 w, =4 ot (3 o Pb{ch)=55 Se{ch}=10 unless

" Colorado/New Mexico border. l"nﬂﬁ Cot '“ll.i [A L NI 0,10 o2 Mn{ch)=50(dis) Ag{ch)e.1 otherwise
[ _ ] g:no (.(c.)-‘d Mn{ch)=1000 Zn(ch)=150 noted.
el

5. Mainstem, tncluding s} Aq Life Colad | 0.0. « 6.0 -gll o4, (ac)=Tvs $+0.002 c)=50 Yuc) Fe(ch .3838“.) Ni(ac L Tvs
tributaries, lakes and Recrestton 2 0.0. -g)-?. mg/ NH,(ch)=0.02 80.78 n: -YV (tr) Fe{ch)=1 Trec) Se(ch -l §lroc)
rasarvotrs, of Cinnamon Water Supply F“ - 6.3-9.0 €ly(ac)=0.019 NO,=0.05 -TVS Pb{ac !chL-T S Aglec
Creek, Grouse Cresk, Plcayne Agriculture .Co11=2000/100m1 Cly(ch)=0,011 NO,=10 n(.c)-so Trec) Mn{ch dis) Ag(ch -TVS tr)

Gulich, Minnfe Gulch, Maggte CN«0.008 €1=250 CrV!(uc‘ch* VS Mn{ch)=1000 Ync; Zn(ac/ch)e=
Gulch, Cunningham Creek, S$0,=250 Cu(sc/ch)=TvsS Hg{ch)=0.01(Trec
Boulder Creek, Whitehead
Gulch, and Molss Cresk from
thetir sources to their
stnﬂu-ncnl with the Animas
ver.

6. Mainstem of Cement Creek, Recreation 2 F“ - 6.5-9,0 .
including a1l tributaries, .C011+2000/100m)
lakes, and reservoirs, from
the source to th; confluence
with the Animas Rivar,

7. Mainstem of Mineral Creek, Recreation 2 H = 3.5-9.0 ' CNe0.2 8=0.78 As(ch)=0.1 Cu(ch)=0.2 Se{ch)=0.02 A1) metals
;nclud:‘ng all trﬂmuri:l., Agriculture .Col{=2000/100m1 gd ‘l:'l‘ -:)ogsl :b c: -g.ggs Qg c: -g‘l, lr: Trec
rom the source to a point . r ch)= ch)=0. n{ch)=2. unless
{immedistely above the Crvi(ch)=0.1 Ni(¢h)=0.05 otherwise
confluence with South Mineral noted.
(‘:t;oo: ou':op; for th; specific

sting in Segment Ba.

Ba. Mainstem of South Mineral Aq Life Cold 1 D.0. = 6.0 ng : KH,(sc)=TVS $=0.002 As(ac -Songcc) Fe(ch -300841!) Ni(acfch)=TVS
Creek tncluding all Recreation 2 D 0. s:g)ﬂ mg /) NH,(ch)=0.02 8=0.75 Cd(ac)=TvS(tr) Fe(ch) =100 S‘Iroc) Se(ch)=1 §Ync)
tributarfes, Vakes and Water Supply C1,(sc)=0.019 NO,=0.08% Cd(ch)= Pb(ac/ch)=TVS Ag{ac)=TV
reservoirs from the source to Agricutture CoH-ZOO/)ODm'I C1,(ch)=0.011 NO,=10 Celll ac -50$Troc) Mn(ch)=50(d1s) Ag{ch)=TVS tr)

s point tmmediately sbove the CN=0.008 Cl-250 Cer(oc‘ch% Mn{ch)=1000 Yru; Zn{ac/ch)=
confluence with Clear Creek; $0,=250 Cu(ac/ch)=Tvs Hg{ch)=0.01(Trec
mainstems, including all

tributarfes, lakes and

raservoirs of Mi11 Creek, and

Bear Creek from sources to

confluence with Mineral

Creek; all lakes and

reservoirs in the drainage

areas described 1n Segments 7

through 9.

8b. Mainstem of South Mineral Aq Life Cold ] D.0. = 6.0 mg/} NH,(ac)=TVS $=0.002 As(ch)=50 Fe(ch)=1000 Se{ch)=20 Al metals
Creek, {ncluding all Recreation 2 D.0. (sp)=7.0 mg/) KHy(ch)=0.02 8+0.75 Cd{ch)=2 . Pb(ch)=~14 Ag{ch)=.1 are Trec
tributaries, from a point Agriculture H = 6.5- Cl,(ac)=0.019 NO,~0.05 Crill(ch)=100 Mn(ch)=1000 Zn{ch)=50 unless
immed{stely sbove the Col'-zooa[loom‘ Cl{ch)=0.011 CrVI{ch)=25 H? ch)=,05 otherwise
conflusnce with Clesr Cresk CN=0.005 Cu(ch)=5 Ni(ch)e50 noted.
to the confluence with
Mineral Creek and the
mainstem of Mineral Creek
from immediately above the
confluence with the South
Fork to the confluence with
the Animos River.
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STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS

confluence with Hermoss Creek
to the Colorado/New Mexico
border, except for the
specific lhtlng. in Segments
10, 11, 12a, 12b, 138 and 14;
all tributerfes to the
Floride River, including el}
Yakes end reservoirs, from
the outlet of Lemon Reservoir
to the confluence with the
Antmss River, except for
:gcclﬂc Ttstings in Segment
8.

REGION: 9 Classifications NUMERIC STANDARDS TEMPORARY
MODIFICATIONS
BASIN: ANIMAS AND FLORIDA RIVER AND
PHYSTCAL INGRGANIC HETALS QUALIFIERS
Stream Segment Description and
BIOLOGICAL
ma /) ug/)

9. Mainstem of Clear Creek from Aq Life Cold 1 0.0. = 6.0 m8 =TVS S$=0.002 As ch -50 <h)=5000 Se(c -20 AV) metals
the source to the confluence Recreation 2 D.O. él )-7 mg/l «0.02 8=0.75 Cd .4 ch)=4 Aglec are Trec
with South Mineral Creek. Agriculture H = 6.5-9.0 =0.019 NO,~0.05 Ccr ll(ch) 100 ¢h)=1000 In(c unless

.Col14=2000/100m) h)=0.011 CrvI(ch)=25 ch)=.03
.008 Cufeh)=150 ch)=50 noted

10. Mafinstem of the Florida River Aq Life Cold 1 D. O.-6 0o mg[! =TVS $+0,002 As(ac)=50({Trec) ¢h)=300(dis) acfch)=TVS
from the boundary of the Recrestion 1 D.0.= 7. =0.02 8=0.75 Cd{ac)=TVS(tr) ch) =100 ch)=1 gl’roc) .
Weminuche Wilderness Area to Water Supply H = 6.5- =0.019 NO,=0.05 Cd{ch)=TVS ac Vch& ac)e=Tv.
the Florids Fermers Canal Agriculture Col!-ZOO/lOOmI ch}=0.011 NO,=10 Crill(ac)=50(Trec) ch 86!' ch)=TvS(tr)

Headgate, except for the -] Ci=250 Crvl (nc/chz Vs ch)=1000(Trec acfch)=TvS
.E;c fic Vistings in Segment S0,=250 Cu(sc/cu)=- ch)=0.01

11. Matnstem of the Florids River Ag Life Cole ) 0.0. = 6.0 =g/ eTvs $=0.002 As(esc)=50(Trec) ch)=300(d1s) scfch)=TVS
from the Floride Farmers Rocrootton | 0.0.(ep)-?. 0 -y/Y -0 02 8+0.78 Ca{ac)=TVS(tr) ch 100 ch)=1 ;'froc)
Cana) Headgate to the weter Seeely -8 8.0 - 010 -9 08 Cofenjetvy ac ac)ely
confluence with the Animes aAgrtsntitere (o“-mn-' - ol .0~ 10 Celltioe)e80(Vroe) ch dh) ch)=TvS(tr)
River. [ ] (1=200 (ﬂl(oc/n‘- v ch -xo ac/ch)=TvS

AN falaniadl-lrzd shl=0,01

12a. A)) tributeries to the Animss g Lt0% Co'g | 20 et 0 i otvy =0 o0 Sefee)=00(ree) 1 -3008 u!chg «TYS
River, tncluding all lakes Gperest ten [ ] ‘.".. LY [ =0 ?¢ Ca{as)otofine) ch) =100 ch ;Tnc)
and reservoirs from e point weter baswty L4 *0 -< 0 m, =9 o8 (aso)etvy (14 & [ 13
{rmediately above the agr tes'teore Cot talun/ )oin' -t 8118 =m0 Celilloa)ot8(Vree) ch Sdh ch -TVS tr)
confluence with EIk Cr. to @ [ ] (1000 (vvl(o-‘u‘- s ch -1o 0(Trec ac/ch)=
point |md|lu|“ balow the 200 Cu(oa/eb)elvy ch)=0.01
confluence with Hermoss Cr.
except for ngociﬂc 11stings
1{n Segment 1
tributaries to the Florids
- River including a)) lakes and .
reservoirs from the source to
the outlet of Lemon Reservoir
except the specific Vistin
in Segment 1. Mainatems o
Red and Shesrer Cresks from
their sources to their .
confluences with the Florids
River.

12b. Lemon Reservoir. Aq Life Cold 1 D0.0. = 6.0 -»8 KH,(ac)=TVS $«0.002 As(ac)=50(Trec) ch -3008 Ni{ac/ch)aTVS

Recreation } D 0. g g)-Y ag/l M4, (ch)=0.02 8=0.25 Cd{ec)=TVS(tr) Se{ch}=10(Trec)
. Water Supply Ci,{ac)}=0.019 NO,=0.03 Cd(ch)=TvVS u: ch gl{ec)=TV
Agriculture Coli-ZOOIlOOnI CYy(ch)=-0.011 NO,=10.02 Crill(ac)=30 Troc) ch) =5 dh) Ag{ch}=TvS tr)
Cle=250 CrVl(ac ch ch)=1000(Trec In{ac/ch)e
$0,=250 Cu(-clc )= ch}=0.01{Trec

13a. Mainstem of Junction Creek, Aq Ltfe Cold 2 0.0.=6.0 m‘l =TVS §«0.002 ch -TVS ch)=1000(Trec) sc)e=TVS
and tncluding el Recreation 2 0.0.(sp)=7.0 mg/ =0.02 B=0.75 c)=TvS(tr) acfch)=TVS ch)=TVS tr)
tributaries, from U.S. Forest Agriculture FN - 6.3-9.0 =0.019 NO,=0.05 -!VS h)=1000 sc/ch)=
Boundsry to confluence with .Co11=2000/100m) =0.011 H(nc/ch)-YVS ch)=0. Ol
Animss ‘Our. .005 Cer(nc ch «TVS lc/chi

Cu(nclc =1ys ac/ch -Y
13b. A1) tributsries to the Animas Ag Life Cold 2 D.0. - 6.0 mg/
Rtver, including al) lakes Recreation 2 D.0. (-p%-? .0 mg/)
and reservoirs, from a point Agriculture He6.5-9.0
immediately below the .Co1122000/100m)
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REGION: 9 Desig Clessifications NUMERIC STANDARDS TEMPORARY
MODIFICATIONS
BASIN: ANIMAS AND FLORIDA RIVER AND
PHYSICAL INORGANIC METALS QUALIFIERS
Stream Segment Description and .
BIOLOGICAL
mg/1 ugf)

14. Mainstem of Lightner Creek Ag Life Cold 1 D.0. = 6.0 mg NH,(ac)eTvsS $=0.002 As(ac)=50(Trec) Fe(ch)=300(d1s) Nt (sc/ch)=TVS

from the source to the Recreation 1 0.0. (s )-7 ng /1 NHy(ch)=0.02 80,75 Cd{ac)=TV5(tr) Fe(ch)«10 ‘stuc) Se(ch)=1 ;Yro:)

confluence with the Animas Water Supply E” CcY, uc «0.019 §0,=0.05 Cd(ch)=TVS Pb(ac/ch)=TVS Aglac)=TV

River. Agriculture Col!-200[l°&:l Ci,(ch)=0.011 NO,=10 Crill(ac)=50 Yroc) M(ch)=5 8810) Ag{ch}=TVS tr)

CN=0.00S C1=250 Crvl(u‘ch{ Mn{ch)=1000(Trec Zn(ac/ch)=
20,-2%0 Culac/chi=JYS Ha{ch -o ox Irsc

15. Meinstem of Purzltory Creek Aq Life Cold 2 0.0.-6.0 mg ‘l CN=0.2 NO,=10 As(ch)=50 Cu(ch Hg(ch)=2 Al)l metals

from source to Cascade, up Recreation 2 0.0.(sp)=7.0 mg/N $+0.08 Cl1=250 Cd(ch)=10 Fe(ch -0 )(du) Se(ch)=10 sre Trec

Cascade Creek, Soulding Creek Water Supply H « 6.5-9.0 NO,=1.0 50,-250 Crilt(ch)=50 Pb{ch)~ Aglch)=50 unless

from the source to Elbert Agriculture t:ou-zooonoo-\ Crvl(ch)=50 Mn{ch -50 In{ch)=5000 otherwise

Cree, and Nary Oraw from the noted.

source to Neviland Laeke.

— — —— - - .|
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REGION: 9 Desig Classifications NUMERIC STANDARDS TEMPORARY
MOIF!CSTIONS
. AN

BASIN: LA PLATA RIVER, MANCOS n QUALIFIERS

RIVER, McilmcgﬂEEKéwA:?'SANmJUM -

RIVER IN MONTEZUMA

DOLORES COUNTY PHV.SnldCAL INORGANIC METALS

Stream Segment Description 8TOLOGICAL

g/l ug/?

1. Mainstem of the La Plata Aq Life Cold 1 0.0, = mg NH,(ac)=TVS $=0.002 As(ac)+50(Trec) Fe(ch)=300(d1s) Ni(ac/ch)=TVS
River, Mclud!nz a1 Recrestion 1 0. 0. [ )-7 wg /1 NH,(ch)=0.02 8~0.75 Cd(ac)=TVS(tr) Fe(ch -100 Strcc) Se{ch)=1 §Trcc)
tributaries, es, and Water Supply g Cly(ac)=0.019 NO,=0.03 Cd(ch)=1vS Pb{ac/ Aglac)=TV
reservoirs, from the source Agriculture . CoH-ZOO/thl €1, (ch)=0.011 NO,=10 Crill{ac)=50 Troc) Mn{ch -5 dh) Ag(ch)=TVS(tr)
to the Hc& Gulch diversion CN=0.008 C1=250 Crvl(ac ch% vsS Mn{ch}=10 OiTrcci Zn(ac/ch)=TvVS ‘
south of Hesperus. 50,=250 Culac/ch)=TVvS Hg(ch)=0.01(Trec

2. Msinstem of the Ls Plata Aq Life Warm 2 D.0.=5.0 mg 3 KM, (ac)=TVS $=0.002 As ch -50 Fe(ch)=1000 Se{ch)=20 Al metals
River from the Hey Gulch up Recrestion 2 H = 6.5-9 NH,(ch}=0.1 8=0.75 Cd(c .1 Pb(ch)=4) . Ag(ch}=.1 are Trec
divarsion south of Hesperus Agriculture Col'-?OOOIloall Cl,(ac)=0.019 | NO,=0.05 Cr u(cn)-xoo Mn{ch)=1000 In(ch)=140 unless
to the Colorsdo/New Mextco Cl,(ch)=0.011 Crvi(ch)=28 N? ch}=.03 otherwise
border. CNEd. 005 Cufcu)=io Nl{ch)-100 noted,

3. A1) tributarfes to the Ls Aq Life Warm 2 0.0. = 5.0 mg/)

Plats River, tncluding ) up Recrestion 2 - §.5-9.0
Tskes and reservoirs, from Agriculture .CoV1=22000/100m1
the Hay Gulch diversions

south of Hesperus to the

Colorado/Naw Mexico border.

4. Mainstem of the Mancos River, Aq Life Cold 1 0.0. = 6.0 mg NH,(ch)=0.02 $=0.002 As(ac)=50(Trec) Fe(ch)=300(d1s) Ni(ac ch& TvS
including all tributartes, Recreation 1 D 0. é g)-7 ng/1 Cl,{ac)=0.019 B8=0.75 Cd(ac)=TVS5(tr) Fe(ch)=1000(Trec) Se(ch)=1 é'lrcc)
lekes, and resarvoirs, from Water Supply C1,{ch)=0.011 NO,=0.05 Cd{ch)=TvVS Pb(sc/ch)=TVS Aglac)=TV
the source of the East, West Agriculture CoH-ZDO/lOO-l CN=0.00S NO,=10 Cr n(.c)-sosrne) Mn(ch)=50(d1s) Ag(ch)eTVS(tr)
and Middle Forks to Hwy 160. - c12250 Cer(ce‘eh% Mn(ch}=1000 !roc; In{sc/ch)=TvS

$0,»250 Cuf{ac/ch)=TvS Hg(ch})=0.01(Trec

5. Mainstem of the Mancos River Aq Life Warm 2 0.0. = 5.0 mg/\ NH,(ac)=TVS S=0.002 As(ch -50 Fe(ch)=5100 Se{ch)=20 A1l metals
from Hwy 160 to the up Recreation 2 H = 6.5-9.0 NH,(ch)=0.01 80.78 Cd(ch Pb(ch)=25 Ag(ch)=.1 are Trec
Colorsdo/Mew Mernico border, Agriculture .Col11=2000/100m1 Cl,(ac)=0.019 NO,=0.03 Cr ll(ch)-loo Mn(ch)=1000 In{ch)=150 unless

Cl,(ch)=0.011 CrvI(ch -23 Hg(ch)=.03 otherwise
CN=0.005 Cufch)= Ni{ch)=100 noted.
6. All tributarfes to the Mancos Aq Life Warm 2 0.0.=5.0 mg/)
River, tncluding s1) Vlakes up Recreation 2 H = 6.5-9.
and resarvoirs, from Hwy 160 Agriculture .Co11=2000/300m)
to the Colorado/New Meaico
bordar.

7. Mainsten of McElmo Creek from Aq Life Warm 2 0.0. = 5.0 ag/l NN, (ac)eTVS $=0.002 As(ch)=50 Fe(ch)=10400 So -20 A)) metals
the source to the up Recrestion 2 E - 6.5-9.0 . NH, (ch)=0.1 80.75 Cd(ch)e=3 Pb{ch)=50 .15 are Trec
Colorado/Utsh dordaer. Agriculture .Co11=2000/100m) Cl,{ac)=0.019 NO,=0.08 Crill(ch)=100 Mn(ch)}=1000 unless

. €1,{ch)=0.011 CrVI(ch)=2% ”Y ch)e.03 otherwise
CN=0.005 Cufch)=19 Ni{ch)=200 noted.

8. A)) tridutaries to McEimo Aq Life Warm 2 0.0. = 5.0 mg/1
Creek end the San Juan River - Recreation 2 He6.5-9.0 )
in Montezuma and Dolores up Agriculture .C01122000/100 m)

Counties, Including al) lakes '
snd reservoirs, except for

specific Vistings tn Segments

2 through 7.

9. Matinstem of the Ssn Jusn Aq Life Warm 1 0.0, = 5. 0 mg.) NH,(ac)=TVS $-0.002 As(ac/ch)=TVS Cu(scfch)=Tvs Se(sc/ch)=TVS

River 1n Montezuma County. Recreation 1 He6.5-9.0 NM, ch)=0.06 8-0.75 Cd{ac/ch)=TVS Fa(ch)=2200(Trec) Ag(ac/ch)=TvS
Agriculture .Co11=200/100m1 Cl,{ec)=0.019 NO,=0. 8 Crill(sc/ch)=TVS Pblac/ch)=TVS In{ac/ch)=TVS

Cl,(ch)=0.011 Crvi(ac/ch)=TvS Mn{ch)«1000(Trec

- CN=0.005 Hg(ch)=0.01(Trec
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1. All tributaries to the Aq Life Cold 1 0.0. = 6.0 lng NH,(ac)=TVS 5-0.002 =50(Yrec) fe =300(dis) Ni(ac/ch)=TVS

Dolores River and West Recreation 1 0.0. 5 g)-? [ TA NH,(ch)«0.02 8-0.753 Cd nc =TVS(tr) Fc =1000(Trec) Se(ch)=1 ;Yr-c)
Oolores River, fncluding all Water Supply Cl,{ac}=0.019 NO,~0.05 h)eTVYS Pb oc ch)=TVS Ag(ac)eTV
tributaries, lakes, snd Agriculture CoH-zoollO(hl Cl,(ch)=0.011 =10 1(sc)=50(Trec) MN(ch)=50(d1s) Ag(ch)=TvS(tr)
reservoirs, which are within CN=0.00% C1+250 Cer(cc‘ch% vs Mn(ch)«1000(Trec In(ac/ch)=TVS

2d Wilderness, 50,2250 Cufac/chl=1YS Ha{ch)=0,01{Irec

2. Msinstem of the Dolores River Aq Life Cold } 0.0.=6.0 ng‘l NH,(A: =TV$ $=0.002 As (che50 Fe(ch -1000 Ni(ch)=30 AV) metals
from the source to & point Recrestion 2 D.O.(op&-?. mg /) h)=0.02 8=0.75 Cd{ch)=.4 Pb(ch)= Se(ch)=10 are Trec
temediately sbove the Water Supply - §.3-9.0 t 2{ac)=0.019 NO,=0.05 Crill(ch)=50 Mn{ch -So(dh) Agch}e=.1 unless
confluence with Horse Creek. Agriculture .Co11=22000/100m) c, ch =0.01} NO,=10 CrvVI(ch)=25 Mn{ch)=1000 Zn(ch)=100 otherwise

CN=0.005 C1=250 Cu(ch)=6 Hg(ch)=.05 noted.
$0,=250

3. Mainstem of the Dolores River Aq Life Cold 1 0.0.-6.0 mg ‘ NH,(ac -WS $=0.002 As(ch=50 Fe(ch)=1000 Se{ch)=20 A1l metals
from a Eo'nt immediately Recreation 2 0.0.(sp)=7.0 mg/V - ch)e= 8=0.78 Cd(ch)=.4 Pb(ch)=4 1 Ag{ch)=.1 are Trec
above the confluence with Agriculture H = 6,8- t ac -0 019 NO,~0.08 Crill(ch)=100 : Mn{ch}=1000 2n(ch)=240 unless
Horse Creek to a point Col!-!OOO/lOOml Cl. ch -o 011 Crvi(ch)=25 Hg(ch)=.05 otherwise
tormediately above the . CN= Cu(ch)=14 Ni{ch)}=-50 noted.

g nith Bear Creek,

4, Masinstem of the Dolores River Aq Life Cold 1 0.0.-6.0 ng‘l ac)=TVS $+0.002 «50(Trec) Fe(ch)=300(dts) Ni(ac{ch)sTVS
from a Eo!nt fomedistely Recrestion 1 0.0.(sp)=7.0 mg/? h «0.02 8-0.75 -TV (tr) Fe(ch)=100 ‘SY":) Se{ch)=10(Trec)
sbove the confluence with Water Supply E“ = 6.3-9.0 C!, -c =0.019 NO,=0.05 -YVS Pb(eac ch =T Ag(ac)e=TV
Bear Creek to the bridge at Agriculture .Col1=200/100m1 C1,{ch)=0.011 NO,~10 ll(uc)-so Yroc) Mn{ch dis) Ag(ch)=TvS(tr)

Bradfield Rench (Forest Route CNe= .00 C1=-250 Crvl (nc‘ch¥ vs Mn{ch -xo 0 Yr-c; Zn{ac/ch)=Tvs
505) tncludes McPhee $0,~250 Cu(ec/ch)=TVS Hg{ch)=0.01(Trec
Resrsryolir,

s. A1) tributaries to the Aq Life Cold 2 0.0. = 8.0 ac)=Tvs $=0,002 As(ch)=50 Fe(ch -3%410) Hg(ch)~=.05 All metals
Dolores River and West Recrestion 2 0.0.(sp -7 ] lag[l h =0.02 8=0.78 Cd(ch)=.4 Fe{ch)e=l Ni{ch}=50 are Trec
Dolores River, including el Water Supply H - 6.8-9.0 Cl. nc -0 019 NO,=0.05 Crill(ch)=50 Pb(ch)=4 Se(ch}=10 unless
Tekes and reservoirs, from Agriculture CoH-zooO/IOGnl Cl,(ch)=0.011 NO,=10 CrVi(ch)=25 Mn{ch -50861.) Agl(ch)=.1 otherwise
the source to 8 point CN=0.003 €1=250 Cu{ch)=- Mn{ch)=1000 In(ch)=50 noted.
{rmediately below the $0,=250
confluence with the West
Dolores River except for
specific 1tstings in Segments
1 and 6 through 10; mainstem
of Beaver Creek (including
Platesu Creek) from the
.source to the confluence with .
the Dolores Rivar,

6. Mainstem of the Slate Creek Aq Life Cold 1 D0.0. = 6.0 mg/ c)=TvVS $=0.002 As(ch)=50 . Fe(ch -Jooédn) Hg(ch)=.03 All metals
end Coke Over Creek, from Recreation 2 0.0. (lp;.7 .0 lsg[l h}=0.02 8=0.75 Cd(ch)=1.1 Fe{ch Ni{ch)=50 are Trec
their sources to their Water Supply - §.3-9.0 c)=0.019 NO,=0.08 CrlilI(ch)=50 Ph{ch)= Se{ch)=10 unless
confluences with the Dolores « | Agriculture .€011=2000/100m} Cl, -o.ou NO,=10 CrVi(ch)=28 Mn{ch -503“-) Aglch)e=.1 otherwise
River. CN= C1=250 Cu(ch)=17 Mn(ch)=1000 In(ch)=50 notad.

$0,2250

7. Matinstem of Cosl Creek from Aq Life Cold ) 0.0. = 6.0 mg/1 ° =0.02 $=0.002 -SO(Trnc) Fe{ch)=300(d1s) Ni(ac/ch)eTVS
the source to the confluence Recrestion 2 o.o.(.p;-ho g/ -0 019 8=0.75 -'lVS(tr) Fe{ch)=1000(Trec) Se{ch)=10(Trec)
with the Dolores River. Water Supply - 6.5-9.0 Cl, :h -0 011 NO,=0.05 h)=TVS Pbl{acfch)=TVS Agfac)=TV

Agriculture .Co11=200/100m} NO,=10 ll(ac)-so Trec) Mn(ch)=50(d1s) Ag(ch)=TVS(tr)
C1=250 Cer(lc ch VS Mn(ch)=1000 Yroc; Zn(ac/ch)=TvS
$0,-250 Cu{ac/ch)=~ Hg(ch)=0.01{Trec

8. Mainstem of Horse Cresk from Aq Life Cold 1 D.0. = 6.0 mg/) NH,(ac)=TVS 1 5=0.002 As(ch -50 Fe(ch)=300(dts) Hg(ch)=.05 A1l metals
the source to the confluence Recrestfon 2 D.O.(ng-7.° LTA KHy(ch)=0.02 8=0.75 Cd(ch)=.4 Fe(ch)=1000 Ni{ch)=50 are Treac
with the Dolores River. Water Supply pH = 6.3-9.0 Cly(ac)=0.019 NO,=0.05 Cr u(cu)-so Pb(ch) =4 Se(ch)=10 unless

Agriculture F.Co11=2000/100m1 Cl,{ch)=0.011 NO,~10 Crvi(ch)=25 Ma{ch)=50(d1is) Aglch)=.1 otherwise
CN=0.005 C1=250 Cu(ch)=22 Ma{ch)=1000 In(ch)=100 noted.
: 20,2250

9. Matnstem of Silver Creek from Aq Life Cold 2 0.0. = 6.0 mg/) NH,(ac)=TVS $=0.002 As(ch)=50 Cu(ch)=20 Ni{ch}=50 A1l metals
a point inmediately below the up Recreation 2 D.0.(sp)=7.0 mg/ NHy{ch)=0.02 8=0.75 Cd(ch)=6 Pb{ch)=16 Se{ch)=20 are Trec
Town of Rico's water supply Agriculture F = 6.5-9.0 Cly(ac)=0.019 NO,~0.05 Crili(ch)=100 Mn{ch}=1000 Ag(ch)e=.1 unless
diversion to the confluence . .C011=2000/100m) Cl,{ch)=0.011 Crvi(ch)=2% Hg(ch)=.05 Inlch)=1400 otherwise
with the Dolores River. CN=0.005 noted.
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10. Mainstem of the West Dolores Aq Life Cold ] D.0. = 6.0 w8/| NH,(ec)=TVS $=0.002 As(ac)=50(Trec) Fe{ch)=300(dls) Ni(ac/ch)=TVS

River from the source to the Recreation 1 0.0. (sp)=7.0 mg/N NH,(ch)=0.02 8«0.75 Cd(ac)=TvS(tr) Fe{ch)=1000(Trec) Se(ch)e=1 ;Troc)

confiuence with the Dolores Water Supply H = 6.5-9.0 Cl,(ac}=0.019 NO,=0.08 Cd(ch)=TVS Pb{ac/ch)e=TVS Agfac)=TV

River. Agriculture .Co11=200/100m1 Cly(ch)=0.011 NO,=10 Crill(ec)=50(Trec) Mn{ch)=50(d1s) Aglch)=TvS(tr)

CN=0.008 C1=250 Cer(uc‘ch{- \4] Mn{ch)=1000(Trec In(ac/ch)=Tvs
30,250 Culecichi=1YS Ha{chl~0.01{1rs¢

11, All tributaries to the Aq Life Cold 2 D.0.=6.0 ng‘l

Dolores River, including all up Recreation 2 D.O.{sp)=7.0 mg/?

Yekes and reservoire, from s Agriculture H = 6.3-9.0

point towediately below the .Col11=2000/100m)

confluence of the West B

Dolores River, to the bridge

st Bradfteld Ranch (Forest .

Route 5035), except for the

specific Yisting in Segment




3.4.8

STATEMENT OF BASIS AND PURPOSE

Introduction

These stream classifications and water quality
standards for State Waters of the Sanm Juan River
Basin fincluding all tributaries and standing bodies
of water and the Dolores River Basin including all
tributaries and standing bodies of water south of
the northern Dolores County line ian all or parts of
Archuleta, Conejos, Dolores, Hinsdale, La Plata,
Mineral, Montezuma, Rio Grande and San Juan
Counties implement requirements of the Colorado
Water Quality Control Act C.R.S. 1973, 25-8-101 et
seq. (Cum. Supp. 1981). They also represent the
implemention of the Commission's Regulations
Establishing Basic Standards and an Antidegradation
Standard and Establishing a System for Classifying
State Waters, for Assigning Standards, and for
Granting Temporary Modifications (the "Basic
Regulations™)

The Basic Regulations establish a system for the
classification of State Waters according to the
beneficial uses for which they are suitable or are
to become suitable, and for assigning specific
numerical water quality standards according to such
classifications. Because these stream
classifications and standards implement the Basic
Regulations, the statement of basis and purpose
(Section 3.1.16) of those regulations must be
referred to for a complete understanding of the
basis and purpose of the regulations adopted
herein. Therefore, Section 3.1.16 of the Basic
Regulations 1s incorporated by reference. The focus
of this statement of basis and purpose is on the
sclentific and technological rationale for the
specific classifications and standards in the San
Juan River Basin.

Public participation was a significant factor in
the development of these regulations. A lengthy
record was built through public hearings held on
May 14, 1981. A total of 10 entities requested and
were granted party status by the




II.

-Commission in accordance with C.R.S. 1973, 24-4-101

et seq. (Cum. Supp. 1980). A supplementary public
rulemaking hearing was held September 15, 1981,
restricted to those issues raised by the changes in
the Act contained in Senate Bill 10 (1981). Such
issues included but were not limited to: "The
economic reasonableness” evaluation required by
25-8-102(5), the effect on water rights as required
by 25-8-104; and the new considerations for the
adoption of water quality standards required by
25-8-204 C.R.S. 1973, as amended. The record
established in these hearings forms the basis for
the classifications and standards adopted.

General Considerations

These regulations are not adopted as control
regulations. Stream classifications and water
quality standards are specifically distinguished
from control regulations 1in the Water Quality
Control Act, and they need not be adopted as
control regulations pursuant to the statutory
scheme.

The Commission has been requested in public
hearings to rule on the applicability of these and
other regulations to the operation of water
diversion facilities, dams, transport systems, and
the consequent withdrawal, impoundment, non-release
and release of water for the exercise of water
rights. The Commission has determined that any
such broad ruling is inappropriate in the context
of the present regulations. The request does not

raise specific questions as to proposed
classifications and standards. However, the
Commnission has taken into account the fact that
some issues are unresolved in adopting

classifications and standards. On January 5, 1981,
the Commission adopted a policy statement on
quality/quantity issues that addresses a number of
these concerns. * Finally, the Commission has
adopted these regulations in compliance with the
requirements of the Water Quality Control Act that
have bearing on these issues (See e.g.) sections
102, 104, and 503{5).

10




III.

Iv.

Definition of Stream Segments

For purposes of adopting classifications and water
quality standards, the streams and water bodies are
identified according to river basin and specific
water segments.

Within each river basin, specific water segments
are defined, for which use classifications and
numeric water quality standards, if appropriate,
are adopted. These segments wmay constitute a
specified stretch of a river wmainstem, a specific
tributary, a specific 1lake or reservoir, or a
generally defined grouping of waters within the
basin (e.g., a specific mainstem segment and all
tributaries flowing into that mainstem segment).

Segments are generally defined according to the
points at which the use, water quality, or other
stream characteristics change significantly enough
to require a change in -use classification and/or

water quality standards. In many cases, such
transition points can be specifically identified
from available data. In other cases the

delineation of segments 1s based upon Dbest
judgments of the points where instream changes 1in
uses, water quality, or other stream
characteristics occur.

Use Classifications —-- Generally

Initially, recommendations for stream segmentation
and use classifications are a result of input from
208 plans, water quality data and reports, the
Division of Wildlife, and personal knowledge.
After a basic outline of stream segments and use
classifications was prepared, water quality data
from a variety of sources was compared against the
“table value” for the proposed use. “Table value”
refers to the four tables attached to the "Basic
Regulations”: In general, if the mean plus one
standard deviation (X + s) of the available data
for the segment indicated that a particular
parameter did not exceed the "table value” for that

11




" recommended use, the “table value” was listed as

the recommended standard for the parameter. If the
X + s computation indicated that the 1instream
concentrations of the parameter exceeded the “table
value” and yet the use to be protected by that
parameter was in -place, then the X + s value was
recommended as the standard for that parameter.

Conversely, if the ambient quality (X + s) for a
certain parameter exceeded the "table value” for
the protection of a use, and there is information
that the use is not in place, the use
classification was modified or temporary
modifications to the parameters were established.
Ambient quality is generally defined as the quality
attributable to natural conditions and/or
uncontrollable non-point sources.

One exception to the procedure just described is
for whole body contact recreation (class 1). 1If an
active domestic waste discharge was located on the
segment 1in question, c¢lass 1 recreation was not
recommended regardless of the ambient quality,
unless there was 1information to show that the
segment was actually used for swimming. This
policy was established by the WQCC in order to
avoid penalizing a discharger for protecting a use
which is not in place and to limit possible harm to
aquatic life due to chlorine residuals.

The use classifications have been established 1in
accordance with the provisions of Section 203 of
the Water Quality Control Act and Section 3.1.6 and
3.1.13 of the Basic Regulations.

In all cases the basic regulation has been
followed, in that an upstream use cannot threaten
or degrade a downstream use. Accorlingly, upstream
segments of a stream are generally the same as, or
higher in classification than, downstream
segments. In a few cases, tributaries are
classified at lower classifications than maianstems,
where flow from tributaries does not threaten the
quality of mainstem waters and where the evidence
indicates that lower classification for the
tributaries is appropriate.

12




There have ©been no “High Quality Class 1"
.designations assigned in this basin.

The Commission has determined that it has the
authority to assign the «classification "High
Quality Waters - Class 1" and "High Quality Waters
- Class 2" where the evidence indicates that the
requirements of Sections 3.1.13/1)(e) of the basic
regulations are met. The appropriateness of this
classification has been determined on a
case-by-case basis. Streams have in some cases
been classified "High Quality - Class 2" for one or
more of the following reasons:

(a) to facilitate the enjoyment and use of the scenic
and natural resources of the State in accordance
with the Llegislative Declaration of the Colorado
Water “Mallty Control Act (25-8-102{(1) C.R.S.
1973,

(b) to prrvite a high degree of protection deserving
of willeraness areas which are a resource
proviila; s unique experience.

(c) taey coataln threatened species or apply to wild
and s:ealc rlver study areas or wilderness areas.

~(d) the conxera of the USTS that High Quality 2
classificatlion will unduly burden their
ainalesent of mnultiple use areas is not well
founled. Thls 1is because activities on Forest
Service land, i.e. grazing, wmineral exploration,
trail and road maintenance, are considered as a
histort: sl {apact upon existing awmbient water
qualiity conditions, and are non point sources
wval:h asre presently not subject to any Water
Qualtitr Coatrol Commission regulations.

(e) 8 question exists as to whether existing
diversloa structures can be maintained consistent
vith & “dligh Quality - Class 1" designation.
Because of the questions regarding authority to
rejulate 1iversions, the Class 1 designation was
deemsed potentially too rigid. The Commission
recoznlzes its authority to upgrade these
segments 1f and when it is appropriate to do so.

13




In accordance with 25-8-104, C.R.S. 1973, the
Commission intends that no provision of this
regulation shall be interpreted so as to supercede,
abrogate, or impair rights to divert water and
apply water to beneficial uses.

Qualifiers —— Seasonal and Intermittant

These qualifiers have been used to more fully
describe characteristics of certain stream segments.

Recreation —- Class 1 and Class 2

In adiiti{on to the significant distinction between

Recreatlon - Class 1 and Recreation - Class 2 as
defined {in  Section 3.1.13(1) of the Basic
Regulitions, the difference between the two

classifi:4atlons in terms of water quality standards
is the fecal coliform parameter. Recreation -
Class | jenerally has a standard of 200 fecal
colifory per 100 ml; Recreation - Class 2

genersliy nhas 8 standard of 2000 fecal coliform per
100 al.

In a:corlance with the Colorado Water Quality
Control A:t, the Commission has decided to classify
as “Recreatlon - Class 2" those stream segments
where priwery contact recreation does not exist and
cannot bYe reasonably expected to exist in the
future, regardless of water quality. The
Coaslsselon hee decided to classify as "Recreation -
Class 17 waly those stream segments where primary
conta:t recreation actually exists, or could
reasonadls be expected to occur. The reasons for

the app.tcazion of Recreation Class 2 are as
followvs:

(a) The antaein screéms in this region are generally

unsultadle f{ur primary contact recreation because
of wster temperature and stream flows.

(b) Pecsl cHltform 1s an 1indicator organism. Its

presence loes not always indicate the presence of
pathozens. This depends on the source of the
fecal coltiform. If the source is agricultural
runoff as opposed to human sewage, there may be
no health hazard and therefore no significant
need to reduce the presence of fecal coliform to
the 200 per 100 ml. 1level. Also, control of
nonpoint sources 1is very difficult.

14




(¢c) Treating sewage to meet the 200 per 100 ml. level
generally means the treatment plant must heavily
chlorinate its effluent to meet the limitation.
The presence of chlorine in the effluent can be
significantly ‘detrimental to aquatic life.
Post-treatment of effluent to meet the residual
chlorine standard is expensive and often results
in the addition of more chemicals which have a
negative effect on water quality and can be
detrimental to aquatic life. Therefore, reducing
the need for chlorine is ©beneficial to aquatic
life.

(d) Even where a treatment plant in this region might
treat its effluent to attain the standard of 200
per 100 ml., agricultural runoff and irrigation
return flows below the plant may result in the
rapid increase of fecal coliform  levels.
Therefore, the benefits of further treatment are
questionable.

(e) The fecal coliform standard of 2000 per 100 ml.
has been established to provide general public

health protection. There 1is no significant
impact on dJdomestic drinking water treatment
plants because they provide complete

disinfection. The standard of 200 per 100 ml. is
not intended to protect the water supply
classification.

Water Supply Classification

The Commission finds that Colorado is a water short
state and that it 1is experiencing considerable
growth which places additional burdens on already
scarce water supplies. These considerations
mitigate in favor of a conservative approach to
protecting future water supplies. 'Where existing
water quality is adequate to protect this use, and
in the absence of dischargers to these segments or
testimony in opposition to such classification, the
water supply use has been assigned because it 1s
reasonable to expect that 1t may exist in the
future in such cases. For stream segments that
flow through, or in the vicinity of,

15




-municipalities, this conclusion is further

justified, since there is a reasonable probability
that the use exists or will exist. Where the- water
supply <classification has baen opposed, the
Commission has evaluated the evidence on a site
specific basis,. and in many cases the -~
classification has been removed.

Water Quality Standards — Generally

The water quality standards for classified stream
segments are defined as numeric values for specific
water quality parameters. These numeric standards
are adopted as the limits for chemical constituents
and other parameters necessary to protect
adequately the classified wuses 1in all stream
segments.

Not all of the parameters listed in the “Tables”
appended to the Basic Regulations are assigned as
water quality standards. This complies with
Section 3.1.7(c) of the Basic Regulations.

Numeric standards have been assigned for ‘the full
range of parameters to a number of segments where
little or no data existed specific to the segment.
In these cases, there was reason to believe that
the classified uses were 1in place or could be
reasonably expected, and that the ambient water
quality was as good as or better than the numeric
standards assigned.

A numeric standard for the temperature parameter
has been adopted as a basic standard applicable to
all waters of the region in the same manner as the
basic standards inm Section 3.1.11 of the Basic
Regulations.

The standard of a 3° C temperature increase above
ambient water temperature as defined 1s generally
valid based on the data regarding that temperature

necessary to support an “Aquatic Life - Class 1”
fishery. The standard takes into account daily and
seasonal fluctuations; however, it is also

recognized that the 3°C limitation as defined is
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"only appropriate as a guideline and cannot be

rigidly applied 1if the intention 1is to protect
aquatic life. In winter, for example, warm water
discharges may be beneficial to aquatic life. It
is the intention of the Commission in adopting the
standard to prevent radical temperature changes in
short periods of time which are detrimental to
agquatic life.

Numeric standards for seventeen organic parameters
have been adopted as basic standards applicable to
all waters of the region in the same manner as the
basic standards in Section 3.1.11 of the Basic
Regulations. These standards are essential to a
program designed to protect the waters of the State
regardless of specific use classifications because
they describe the fundamental conditions that all
waters must meet to be sultable for any use.

It is the decision of the Commission to adopt these
standards as basic standards because the presence
of the orzanic parameters 1is not generally
suspected. Also, the values assigned for these
standards are not detectable using routine
methodology and there is some concern regarding the
potential for wonitoring requirements if the
standards are placed on specific streams. This
concern should be alleviated by Section 3.1.14(5)
of . the Basic Regulations but there is uncertainty
rezarding the Iinterpretation of those numbers by
other entities. Regardless of these concerns,
because these constituents are highly toxic, there
is a need for regulating their presence in State
waters. Because the Commission has determined that
they have uniform applicability here, their
inclusion as Dbasic standards for the region
accomplishes this purpose.
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In many cases, the numeric water quality standards
are taken from the "Tables” appended to the Basic
Regulations. These table values are used where
actual ambient water quality data in a segment
indicates that - the existing quality is
substantially equivalent to, or better than, the
corresponding table values. This has been done
because the table values are adequate to protect
tne classified uses.

Consistent with the Basic Regulations, the
Commission has not assumed that the table values
have presumptive validity or applicability. This
accounts for the extensive data in the record on
ambient water quality. However, the Commission has
found that the table values are generally
sufficient to protect the wuse classifications.
Therefore, they have been applied in the situations
outlined in the preceeding paragraph as well as in
those cases where there is insufficient data in the
record to justify the establishment of different
standards. The documentary evidence forming the
basis for the table values is included 1in the
record.

In many cases, 1instream ambient water quality

. provides the basis for the water quality standards

{See 7 below). In those cases where the classified
uses presently exist or have a reasonable potential
to exist despite the fact that 1instream data
reflects ambient conditions of lower water quality
than theé table values, instream values have been
used. In these cases, the evidence indicates that
instream values are adequate to protect the uses.
In those cases where temporary modifications are
appropriate, instream values are generally
reflected in the temporary modification and table
values are reflected in the corresponding water
quality 'standard. (Goals are established for the
appropriate classification affected by the
paraameter).




Cases in which water quality standards reflect
these instream values usually involve the metal
parameters. On many stream segments elevated
levels of metals are present due to natural or
unknown causes, 'as well as mine seepage from
inactive or abandoned umines. These sources are
difficult to identify and impractical or impossible
to control. The classified aquatic life uses may
be impacted and/or may have adjusted to the
condition. In either case, the water quality
standards are deemed sufficient to protect the uses
that are present.

The Commission rejected the proposal to assign only
"temporary”  standards pending additional data
collection to verify or modify values assigned.
Concerned parties concurred that triennial review
will lead to updating of standards as necessary.
Furthermore, limited financial resources will be
focused upon streams with permitted discharges.

In those cases where there was no data for a
particular segment, or where the data consists of
only a few samples for a limited range of

parameters, "table values"” were generally
recommended. Data at the nearest downstream point
was used to support this conclusion. In some

cases, where the limited data indicated a problem
existed, additional data was collected to expand
the data base. Additionally, where there may not
be existing data on present stream quality, the
Commission anticipates that if necessary,
additional data will be collected prior to a
hearing required by C.R.S. 1973, 25-8-204(3), as
amended.
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In most cases 1in establishing standards based on
instream ambient water quality, a calculation 1is
made based upon the mean {average) plus one
standard deviation (X + s) for all sampling points
on a particular stream segment. Since a standard
deviation 1s not added to the water quality
standard for purposes of determining the compliance
with the standard, this is a fair method as applied
to discharges.

Levels that were determined to be below the
detectable limits of the sampling methodolgy
employed were averaged in as zero rather than at
the detectable limit. This moves the mean down but
since zero is also used when calculating wasteload
allocations, this method is not uafair to
dischargers.

Metals present in water samples may be tied up in
suspended solids when the water is present in the
stream. In this form they are not "available” to
fish and may not be detrimental to aquatic life.
Because the data of record does not distinguish as
to availability, some deviation from table values,
as well as the use of X + s, 1is further justified
because it 1is unlikely that the total value in all
samples analyzed is in available form.

A number of different statistical methodologies
could have been used where ambient water quality
data dictates the standards. All of them have both
advantages and disadvantages. It 1is recognized
that the x + s methodology also has weaknesses, 1n
that the standard may not reflect natural
conditions in a stream 100 per cent of the time,
even though the use of X + s already allows for
some seasonal variability. However the use of this
methodology 1s nevertheless justified since 1t
provides the wmost wmeaningful index of stream
quality of all methodologies proposed for setting
stream standards.
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10.

ll.

Finally, the fairness and consistency of the use-of
any methodology in setting standards must turan on
tne maunner in which the standards are implemented
and enforced. It 1is essential that there be
consistency between standard setting and the manner
in which attainment or non-attainment of the
standards 1is established based on future stream
monitoring data. In addition the Division must
take this methodology into account in writing and
enforcing discharge permits.

No water quality standards are set below detectable
limits for any parameter, although certain
parameters may not be detectable at the limit of
the standards using routine methodology. However,
it must be noted that stream monitoring, as opposed
to effluent wmonitoring, 1s generally not the
responsibility of the dischargers but of the
State. TFurthermore, the purpose of the standards
is to protect the <classified uses and some
inconvenience and expense as to wmonitoring is
therefore justifiable.

Section 3.1.15(5) of the Basic Regulations states
that "dischargers will not be required to regularly
monitor for any parameters that are not identified
by the Division as being of concern”. Generally,
there 1is no requirement for wmonitoring unless a
parameter 1is in the effluent guldelines for the
relevant industry, or is deemed to be a problem as
to a specific discharge.

The dissolved oxygen standard 1s Intended to apply
to the epilimnion and metalimnion strata of K lakes
and reservoirs. Respiration by aerobic
micro-organisms as organic matter is consumed is
the primary cause of a natural ~decrease in
dissolved oxygen and anaerobic conditions in the
hypolimnion. Therefore, this stratum 1s exempt
from the dissolved oxygen standard.




12.

13.

14.

VI.

Where numeric standards are established based on
historic instream water quality data at the level
of X + s, 1t is recognized by the Commission that
measured instream parameter levels might exceed the
standard approximately 15 percent of the time.

It is the Commission's intention that the Division
implement and enforce all water quality standards

‘consistent with the manner in which they have been

established.

Hardness/Alkalinity

Where hardness and alkalinity numbers differed, the
Commission elected to wuse alkalinity as the
controlling parameter, in order to be consistent
with other river basins and because testimony from
the Division staff indicated that in most cases
alkalinity has a greater effect on toxic form of
metals than does hardness.

Water Quality Standiards for Unionized Ammonia

On some Class 2 Warm Water Aquatic Life streams
containing similar aquatic 1life communities to
those found in the plains streams of the South
Platte & Arkansas Basins, .1 mg/l aamonia was
selected as being appropriate to protect such
aquatic life.

These streams generally contain both lesser numbers
and types of species than those inhabiting class 1
streams due to physical habitat characteristics,
flow or irreversible water quality
characteristics. The Commission felt that the
incremental expense to meet a 0.06 mg/l unionized
ammonia standard for present or potential
discharges along these streams cannot be
justified. ©Low flow, 1in these segments is often
intermittent or highly impacted by diversioas.
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Specifically, the Commission has relaxed unionized
ammonia standards to .1 mg/l or greater on such
streams for the following reasons:

1. limited nature of the aquatic life present;
2. limited recreational value of species present;

3. habitat limitations, primarily flow and
streambed characteristics, that impose
significant limitations on the nature of
aquatic life, even 1f ammonia reductions were
attained;

4. rapid dissipation of ammonia in streams,
reducing the impact of such discharges
downstream; and

5. economic costs of ammonia removal, especially
where such costs would fall primarily on
publicly-owned treatment works, and while the
availability of construction grant funds 1is
questionable.

6. Biosurveys with support from a bioassay
conducted on fathead minnows performed in the
Cache la Poudre River, show that a .1 mg/l
standard is appropriate to protect existing
biota in that stream. The results of these
studies may be reasonably extrapolated to
similar plains streams; 4i.e., those streaams
that demonstrate similar chemical, physical,
and biological characteristics.

Not all warmwater streams are comparable in terms
of flow habitat, and types and numbers of species
of aquatic life. Therefore, some variations in an
appropriate ammonia standard wmust be tolerated,
with the objective of protecting existing aquatic
life. The Commission found this approach
preferable to totally removing the aquatic 1life
classsification from ilmpacted or marginal aquatic
life streaams.
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VII.

VIII.

IX.

WJater Quality Standards for Uranium

Given the threat that radioactivity from uranium
may pose to human health, it is advisable to limit
uranium concentrations in streams to the maximum
extent practicable. The Commission has adopted a
standard of 40 pCi/l or natural background where
higher, for the following reasons::

40 pCi/1 Zenerally reflects background
concentrations of uranium that may be found 1in
streams in Colorado and therefore this amount
approximates routine human exposure.

The statistical risk of human health hazards 1is
small at 40 pCi/l.

40 pCi/1 is an interim level, established now
pending the outcome of further studies currently

underway.

Water Quality Standards for Cyanide

The Coamission acknowledges that total cyanide is
to be used in State Discharge permits until a
method 1is authorized by EPA for measuring free
cyanide, even though free cyanide 1is the parameter
of concern. While cyanide has received special
treatment in cases discussed in the segment - by -
segment section which follows, a free cyanide
standard based on Table Values has been established
for most segments.

Linkage of classifications and Standards

The Commission holds that the classifications which
it adopts and the standards it assigns to them are
linked. Disapproval by EPA of the standards may
require reexamination by the Commission of the
appropriateness of 1its original <classification.
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XIQ

‘The reason for the linkage is that the Commission

recognizes that there is a wide variability in the
types of aquatic 1life in Colorado streams whick
require different levels of protection. Therefore,
the numbers were chosen in some cases on a site
specific basis to. protect the species existing in
that segment. If any reclassification is deemed a
downgrading, then it will be based upon the grounds
that the original classification was in error.

Economic Reasonableness

The Commission finds that these use classifications
and water quality standards are economically
reasonable. The Commission solicited and
considered evidence of the -economic dimpacts of
these regulations. This evaluation mnecessarily
involved a case-by-case consideration of such
impacts, and reference is made to the fiscal impact
statement for this analysis. Generally, a judgment
was made as to whether the benefits in terms of
improving water quality justified the costs of
increased treatment. In the absence of evidence on
economic impacts for a specific segment, the
Commission concluded that the regulations impose no
unreasonable economic burden.

Classifications and Standards - Special Cases

Pagze 1, Segment 2 - San Juan River in Archuleta

County (proposed as page 1, segment 2)

At issue was the recommendation contained in the
Regional %Water Quality !anagement "208" Plan that
flow deficiencies and silt attributable to the San
Juan - Chama diversion limited use of the segment
to agriculture. Although both warm and cold water
species, 1including trout, were observed 1im the
segment, the Commission found from the evidence
that there was perennial flow sufficient to support
the aguatic life use proposed.
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In view of controversy in the testimony concerning
flow, the Commission considered the recommendation
in the '"208 Plan, yet classified the aquatic life
use as class 1, cold water because other testimony
indicated that recorded stream flows were ample to
support aquatic life.

Page 2, Segment 8

This segment was 1incorporated into segment 5 of
page 1.

Page 2, Segment 10

The "208" Plan was relied on by the Commission and
no other evidence on this segment was presented.

fage 3, Segment 3 - Piedra River

The Commission retained the cold water aquatic life
class 1 classification after finding that although
one small portion of the segment may Dbe
intermittent, due to diversion, it quickly remakes
itself and the intermittent portion is very small
compared with the total length of the segment. The
Commission also notes that it's decision will have
no impact on any discharger.

Page 4, Segment 2(a) and 2(b) Los Pinos River

(proposed as page 4, segment 2)
The resegmentation recommended by the Division is
consistent with segmentation described in the

Regional "208" Plan.

Page 6, Segment 2 - Animas and Florida Rivers

This is a large segment, exhibiting many water
quality variables throughout its length. Although
there is some evidence of insect life at points in
the segment, the evidence regarding the presence of
aquatic life 1is contradictory, and there is no
evidence of fish 1life being present. In the
absence of sufficient data to support the
classification of any portion of this segment for
aquatic life, the current status is being retained
and no aquatic life use is assigned. The Commision
expects further information to be developed through
studies sponsored by the Standard Metals
Corporation and the Division.
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The Commission declined to assign an agricultural
classification to the segment due to the absense in
the record of any evidence of an agricultural use
in the segment.

Page 6, Segment 6

Since Cement Creek and its tributaries are degraded
by abandoned mine drainage and past discharges, the
Commission did not assign aquatic and agricultural
classifications to the segment as had been
proposed. The segment does not currently have an
aquatic life classification, and thus the status
quo 1s maintained. The Commission  placed
recreation in the class 2 category as the basic use
and found no agricultural use to be in place.

Page 7, Segment 7

The Woodling Study indicates that Mineral Creek
from its source to its confluence with South
Mineral Creek is highly toxic due to mineralization
and there is not a liklihood that the sources of
that toxicity will be corrected in 20 years.
However the Commission concluded that there was
likely to be aquatic life 1in that portion of
Mineral Creek from below South Fork to Silverton.
By changing the stream segment description such
that it covers the mainstem of Mineral Creek
including all tributaries from the source to a
point immediately above the confluence with South
Mineral Creek, the Commission was enabled to
preserve the aquatic life classification om South
Mineral Creek and the remaining portion of Mineral
Creek into Silverton.
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10.

11.

Page 8, Segment 12(a) and 12(b)

(proposed as page 6, segment 12)

Lemon Reservoir was resegmented as 12(a) for the
purposes of classifying it Recreation Class 1 in
recognition of known use appropriate to that
classification.

Page 8, Segment 13(a) and 13(b)
(proposed as page 7, segment 13)

Segment 13 included Junction Creek. The
Resegmentation was to separate Junction Creek as
13(a) so that different standards could be assigned
to it to protect its use as a water supply for a
fish hatchery. The Commission felt that the
testimony supported: (a) classification of the
stream for cold water aquatic life class 2 because
of poor habitat and low flow conditions; and (b)
assignment of numeric standards to protect the fish
hatchery. The Commission felt that the use was in
place and that the assignment of these standards
was economically reasonable. It does not appear
that discharges from trailer parks into this
segment adversely impact this use. There was
insufficient evidence in the record for the
Commission to conclude that there would be any
economic impact on such dischargers.

Page 8, Segment 15

Testimony was received by the Commission from the
Purgatory Water and Sanitation District that the
water supply classification was not applicable
below the reservoir. The Commission concurred and
determined that there should be no more than a
class 2 aquatic life <classification’ for this
segment because of its intermitant flow and poor
habitat characteristics. It was recommended that
recreation class 2, agriculture and water supply be
designated for the protection of the reach above
the reservoir. Despite opposition to the water
supply classification by Purgatory Water and
Sanitation District based upon the absence of such
use below Duncan Reservoir, the Commission finds
that the presence of this use at other locations
justifies the classification. This should not
impact the District because the numeric standards
for protection of the use are less stringent than
those for protection of aquatic life and should be
met by the discharger without additional treatment
facilities.
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Page 11, Segment 3 - Dolores River in Dolores County

Even thcugh the regional '208" Plan recommended
that the segment be classified for a water supply
use, the Commission received no testimony that
there was such use in the segment. Because of high
levels of manganese and the lack of evidence of in
place water supply use, the Commission did not so
classify the segment. Anaconda Corporation
proposed numeric standards for silver and mercury.
The Division recommended to the Commission that it
not wutilize the Anaconda proposals for those
constituents because they were based on limited
data, wunusually high wvalues, and questionable
analytical techniques. It had not been documented
that the levels of those constituents proposed by
Anaconda had been routinely found in the stream.
Due to this lack of certainity with respect to
these metals values, the Commission did not choose
to use the Anaconda data on mercury an silver.
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COLORADO DEPARTMENT OF HEALTH . ‘
Water Quality Control Division
L210 E. 11th Avenue

Denver, CO0 80220

FISCAL STATEMENT

Stream Classifications and Water Quality Standards for State
Waters of the San Juan and Dolores River Basins including all
tributaries and standing bodies of water south of the northern
Dolores County line in all or parts of Archuleta, Conejos,
Dolores, Hinsdale, La Plata, Mineral, Montezuma, Rio Grande,
and San Juan Counties.

I. INTRODUCTION

The Water Quality Control Commission is charged with the responsibility to conserve,
protect, and improve the quality of state waters pursuant to C.R.S. 1973, 25-8-101l
et seq. .

The Commission is further empowered and directed to classify waters of the State and’
to promulgate water quality standards for any measurable characteristic of the water
in order to protect both the uses in place and those that can be reasonably expected
in the future. (25-8-203 and 25-8-204) The above-titled document assigns use
classifications and standards for the state waters in the listed areas in accordance
with the '"basic regulations'' adopted May 22, 1979.

The measurable fiscal impacts which may be caused by these regulations are as follows: .

- Cost of construction due to requirements for increased levels of treatment
by municipal waste treatment facilities;

= Cost of construction due to requirements for increased levels of treatment
by industrial/commercial waste treatment facilities;

- Cost of Operation and Maintenance associated with increased levels of treatment
required of municipalities;

- Cost of instream monitoring and laboratory analysis for new parameters added
by the standards.

Dischargers will not be required by the adoption of these regulations to do stream
monitoring. The state, federal and local agencies now doing instream monitoring will
have some increased cost; however, any additional frequency should be done to improve
state surveillance and would be needed regardless of standard changes.
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Water Quality Control Division
Fiscal Impact Statement - San Juan and Dolores River Basins
Page 2

The stream classifications and standards adopted by the Commission will protect the
water uses primarily through control of point source poliution. Non-point source
pollution will be controlled primarily through management practices which are in
existence or which will be implemented in the future. Future management practices
need careful consideration and may be the result of 208 area-wide wastewater man-
agement plans developed by regional planning agencies and being updated annually.
These plans involve local governments with general assistance from state government.
Some of the possible non-point source pollution may be controlled through ''Control
Regulations'' yet to be promulgated by the Commission. These types of controls
could involve runoff from construction, mining activites, and urban areas. It is
not certain what controls are needed at this time and there is no way that possible
costs can be identified at this time.

Persons who benefit from standards which will protect existing and future anticipated
uses can be identified as all persons benefiting from recreation, municipal water
supply, and agriculture. These benefits are directly economic for agriculture, indus-
try, and municipalities whose health benefit costs are reduced by having clean water,
and are both economic and non-quantifiable for some uses such as fishing, recreation,
and the aesthetic value of clean waters. Furthermore, benefits will result from human
health protection and lack of debilitating disease. Figures have been developed for a
recreation/fishing day which can be applied to that aspect of a water use; however,
figures which have been develoned for total recreation/fishing day uses have been
developed statewide and could not be applied region-by-region or stream-by-stream.

The uses of water in this reqion are adequately protected by these standards. Most
municipal treatment facilities and industrial facilities are currently adequate, or

are already being upgraded, in order to meet previous requirements. Any additonal
facilities or expansions in this region will generally be caused by increased capacity
required because of population aqrowths or industrial enlargement. Industries are
required by federal statute to meet effluent limitations described as ''Best Available
Technology Economically Achievable' (BATEA) by 1983 or 1984. For most major industries
in this region, the water quality standards should not require treatment beyond these
limitations.

The fiscal impact of any regulatory decision must take into account only the incremental
costs explicitly associated wit™ the requlations as finally promulgated. Costs and
expenditures associated with t™e status quo, regulations of other regulatory agencies,
or regulations already in effect should not be included in an assessment of the fiscal
impact of the San Juan and Dolores River Basins classifications.

In addition, a distinction must be made between actual expenditures or dislocations that
will be immediately or unavoidably necessary upon promulgation of these classifications
and standards, and those costs which are speculative in nature. |In keeping with

concepts of 'Expected Value', it is proper for the Commission to place more emphasis

on definite impacts.
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Water Quality Control Division
Fiscal Impact Statement - San Juan and Dolores River Basins
Page 3

With the passage in 1981 of Senate Bill 10, amending the Colorado Water Quality
Control Act, it became incumbent upon the Water Quality Control Commission to
consider the economic impact of their decisions with more emphasis placed upon

the concept of the ''Economic Reasonableness''. Supplementary hearings were held

by the Commission on the San Juan and Dolores River Basins to consider the new
provisions of the Act. Charged with such a mandate, the Commission was quite
sensitive to the objective of minimizing the socio-economic ''price' of clean

water while adhering to the anti-degradation policy that water quality be preserved
and protected in all cases, and improved wherever feasible.

The analysis and data which follow are derived primarily from testimony and
exhibits offered by interested parties during the course of the rulemaking
hearings. This was supplemented by staff assessments of potential impacts upon
other major entities who were not formally represented. The impacts are separately
presented for the public and nrivate sectors. No attempt has been made to identify
future development costs as this type of data is not readily available and estima-
tion techniques are dependert upon many highly subjective assumptions.

11. FISCAL IMPACT: PUBLIC SEITOR

The primary fiscal impact udon tne public sector in these basins involves the
potential for increased domest (¢ wastewater treatment costs associated with the
stream classifications and water quality standards. Other costs, such as tax and
employment base impacts due to fornone industrial development opportunities or
mitigated growth potentials. ca~ te theoretically postulated but are difficuit

to quantify. Generally, it is reconnized that higher tap fees, service charges

or property taxes associated w=itn increased treatment costs can potentially affect
industrial and residential sitinqg decisions. While the Commission acknowledges

the existence of such potentialy, tne lack of firm evidence and actual tax base
impact estimates make deliberative assessment impractical.

In these basins the Commissior achnowledged five municipalities that could be
potentially impacted: Duranqo, forest Lake, Bayfield, lgnacio, and the Purgatoire
Water and Sanitation District. In each case, the ammonia standard was the controlling
factor. Additional data led to t™e conclusion that Durango should not need to go
beyond secondary treatment.

Low flow in the Pinos River and/or increased treatment flows could cause an ammonia
impact upon Forest Lake, Bay'ield and Ignacio. Currently, secondary treatment

is all that is required of these municipalities under existing permits. None

of these entities presented testimony that indicated an immediate or impending
impact due to ammonia requirements 3o the actual fiscal impact, if any, cannot be
properly assessed.
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. Water Quality Control Commission
Fiscal Impact Statement - San Juan and Dolores River Basins
Page 4

The Purgatoire Water and Sanitation District presented testimony indicating
the necessity of tertiary treatment (AWT) at a cost of $480,000 if the stream
were classified as proposed with an Aquatic Class One designation. This
designation was not adopted so it is believed that Purgatoire will not incur a
cost as a result of these classifications and standards.

111, FISCAL IMPACT: PRIVATE SECTOR

Several entities presented testimony regarding water rights issues but there
was no firm evidence indicating any specific water rights impacts and no cost
estimates were provided. These basins have a sparse industrial/commercial
density and it is believed that these regulations will have a minimal impact
upon the private sector.

While metals standards could impose an impact upon unidentified entities, it

is impossible to identify who they might be and to what extent they might be
impacted. In any event, any active operation is already covered by permit and,
in lieu of specific testimony, it must be assumed that no recognizable impacts
will result from these classifications and standards.

In recognition of the benefits to be derived from protecting aquatic life and

public water supply and that no immediate fiscal impacts will result from this

regulation, it is concluded that the Commission acted in an economically respon-
‘ sible and reasonable manner.
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10.

PARTIES TO THE SAN JUAN RIVER AND DOLORES
RIVER BASINS

Anaconda Copper Company

Purgatory Water and Sanitation District
Climax Molybdenum

Pagosa Area Water and Sanitation District
Golf Host West, Inc.

Eaton International Corp.

City of Durango

Trout Unlimited

Daniel McCarthy

Chevron Resources, Inc.
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STATEMENT OF BASIS AND PURPOSE REGARDING THE ADOPTION OF NON-SUBSTANTIVE
CORRECTIONS TO THE CLASSIFICATIONS AND NUMERIC STANDARDS FOR THE ARKANSAS,
SAN JUAN AND DOLORES, RIO GRANDE AND SOUTH PLATTE RIVER BASINS.

In accordance with the requirements of 24-4-103(4), C.R.S. 1973, the
Commission makes these findings and adopts this Statement of Basis
and Purpose.

The Commission at a public rulemaking hearing November 8, 1982, adopted
clerical and editorial corrections to the Commission's current regulations
numbered respectively 3.2.0, 3.4.0, 3.6.0, and 3.8.0. These regulations
are contained in Article 3, Water Quality Standards, of the Policies,
Regulations, and Guidelines of the Water Quality Control Commission.

(5CCR 1002-8)

In adopting these corrections the Commission considered the economic
reasonableness of its action, except as specified the corrections in

no way change the classifications and numeric standards originally adopted
by the Commission. Other than written comment from the City of Westminster
no testimony was offered at the public hearing.

The consolidated changes adopted by the Commission are included in this
Basis and Purpose for information. The Secretary of State was provided
corrected pages for each of the regulations as replacements for the
regulations previously published.

Dated this 8th day of November, 1982 at Denver, Colorado.
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FISCAL STATEMENT

Regarding The Adoption of Non-Substantive Corrections To The Classifications
And Numeric Standards For The Arkansas, San Juan and Dolores, Rio Grande and
South Platte River Basins.

. The Water Quality Control Commission found that clerical and editorial
corrections to the Commission's current regulations numbered respectively
3.2.0, 3.4.0, 3.6.0, and 3.8.0 have no fiscal impact.

Dated this 8th day of November, 1982 at Denver, Colorado.
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3.4.9 STATEMENT OF BASIS, SPECIFIC STATUTORY AUTHORITY, AND PURPOSE:

The provisions of 25-8-202(1)(a)(b) and (2); and 25-8-204 C.R.S. provide
the specific statutory authority for the numeric standards that were

adopted.

The Commission also adopted in compliance with 24-4-103(4) C.R.S. the
following statements of basis and purpose and fiscal impact.

BASIS -AND PURPOSE - SAN JUAN AND DOLORES RIVER BASINS

The basis and purpose for the changes by segment is as follows:

Segment 6, Piedra River -

Segment 7, Piedra River -

Segment 15, Animas River -

Adopted: December 6, 1985
Effective: January 30, 1986
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This segment contains the lakes listed
for inclusion in the proposed Segment
7. In order to separate these lakes
from this segment, the description must
be changed.

The lakes listed are all fisheries and
a majority of them are used for sport
fishing. Their present inclusion in
Segment 6 does not represent their
actual use, i.e., Class 1 Aquatic Life,
or provide standards to protect this
use. The Commission has classified all
reservoirs in Segment 7 as Warm Water
Class 1 instead of Cold Water Class 1
on tne basis that: 1) all reservoirs
are already heavily managed, including
aeration; 2) trout have been introduced
into the reservoirs and do not occur
naturally; and 3) at least temperature
excursions above that require for cold
water classification occur.

The Commission notes that the data base
supporting this change in
classification to warm water Class 1 1is
not extensive and further water quality
monitoring is encouraged.

Studies conducted by the Water Quality
Control Division indicate that both
Goulding Creek and Nary Draw are
intermittent streams more appropriately
classified under Segment 15 than under
Segment 12a. The change in the
description of Segment 15 will
accomplish this and provide adequate
protection of the uses.



Segment 8, La Plata River, - The change in description to include .
Mancos River, McElmo Creek, Dolores County will include those
and San Juan River streams which are unclassified under

the existing description.

Change in basin description at® - Change is needed to accurately reflect

top of pages Y and 10 of the the streams included in this section

Tables with the change in description of
Segment 8.

FISCAL IMPACT STATEMENT - SAN JUAN AND DOLORES RIVER BASINS

As these changes are in response to an increasing body of knowledge
concerning accurate classifications of uses and the standards
necessary to maintain those uses, they are not economically driven.
The only discharger in the basins, Pagosa Area Water & Sanitation
District, is moving their discharge from Pagosa Lakes and will not be
adversely harmed by these standards. Recognition of higher
classifications and inclusion of new classifications are benefits in
light of the goals of the Water Quality Control Act and these
regulations will serve to maintain and enhance those uses.
Recognition of intermittent streams and subsequent Class 2
designations will have the potential of decreased treatment costs if
development occurs near them in the future. As no adverse economic
impact is anticipated by these regulations, and because they more
accurately protect existing and potential beneficial uses, the
Commission regards these changes as economically reasonable,

Adopted: December 6, 1985
Effective: January 30, 1986
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Amended April 7, 1986 Effective May 30, 1986
" Segment 3'of the Dolores River

3.4.10 BASIS AND PURPOSE:

At the triennial review of the San Juan and
Dolores River Basins in May, 1985, the Water
Quality Control Division pointed out that the
Division had recently (April, 1985) granted

a variance to the limitation for cadmium in
Anaconda Company's Rizo Mine discharge permit.
The underlying stream concentration which was
used to support the variance was 0.002 mg/l,
and was based upon an X + s calculation of
fifteen cadmium data points above the St.

Louis ponds discharge collected in 198l.

The rationale for the variance anticipated

the establishment of a revised cadmium standard
through the established standards setting
procedure of the Water Quality Control Commission,
and noted that subsequent to that procedure, an
amended discharge limitation in Anaconda's
discharge permit would be written.

This amendment initiates the standards setting
process envisioned when the-cadmium variance
. was granted to Anaconda with the expectation
1 that the variance will expire upon adoption
of a new standard.

The revision of the cadmium standard from 0.0004
mg/l to 0.0012 mg/l is based upon a review of data
supplied by Anaconda at stations D2 and D3 above
the discharge point on the Dolores River. Con-
sideration was also given to the existing table
value for cadmium at the ambient hardness levels
in the river, and the draft position on cadmium

is being considered by the Basic Standards Task
Force.
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Amended April 7, 1986 Effective May 30, 1986
Segment 3 of the Dolores River

FISCAL TMPACT STATEMENT:

The costs of attaining a cadmium stream standard

fall to the Anaconda Company at the present time

since they are the sole point source discharger

to the segment. A new treatment System was

installed at the St. Louis pond site in February,

1984, and appears capable of producing an effluent

of high enough quality to protect the stream

standard during all flow seasons. .

Other sources of cadmium enter the segment

below Anaconda's discharge and account for

a greater portion of mass loading to the

segment than the permitted discharge. These
sources are all classed as nonpoint and include
mineralized groundwater, drainage from abandoned
mines, and runoff through tailings. It is con-
ceivable that costs for cadmium loading reduction
could accrue to owners of these sources at such
time that a nonpoint source control program were
implemented. The necessary investment to meet
the proposed standard has already been made by
Anaconda and that portion of the costs attributable
to cadmium removal cannot be measured since all
metals will be reduced by the method of treatment
used.

Benefits to attaining the amended standard accrue

to all users of the stream and alsc to Anaconda in
the form of relaxed discharge limitations over those
based on the 0.0004 mg/l standard. The amended
standard should protect the uses of the stream

as fully as possible since it is no less stringent
than the upstream ambient quality and is :compatible
with the elevated hardness levels found in the river
at low flows.
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3.4.11 STATEMENT OF BASIS, SPECIFIC STATUTORY AUTHORITY, AND PURPOSE;
AUGUST, 1989 HEARING ON MULTIPLE SEGMENTS

The provisions of 25-8-202(1)(a), (b) and (2); 25-8-203; 25-8-204; 25-8-207
and 25-8-402 C.R.S. provide the specific statutory authority for adoption of
these regulatory amendments. The Commission also adopted, in compliance with
24-4-103(4), C.R.S., the following statement of basis and purpose.

BASIS AND PURPOSE:

First, the Commission has adopted new introductory language for the tables, in
section 3.4.6(2). The purpose of this language is to explain the new
references to "table value standards”™ (TVS) that are contained in the Tables.
The other changes considered and adopted are addressed below.

A. Jurisdiction on Tribal lLands

On the issue of classifylng and setting standards on tribal lands, the
Commission was advised to ¢lasslfy and set standards as they would for waters
on non-tribal lands with the understanding that the Commission is not
attempting to assert juriediction or to usurp the authority of the tribe to
classify and set standards for waters within the boundaries of the reservation.

B. Table Value Standards for Metals

San Juan, Segaent 7; Los Pinos, Segment 4; Animas, Segment 5;
Dolores, Segmeats Y aaod 7.

Numerical standards for metals for these segments have in most instances
previously been based oan table values contained in Table III of the Basic
Standards and Methodologtlee for Surface Water. Table III has been
substantially revised, effective September 30, 1988. A few of these segments
had no new data to indicate that nmew table value standards are not
appropriate. There are aleo some of these segments whose previous standards
were based in part on amdleat quality, since their quality did not meet old
table values based on alkalialty reanges. However, these segments generally
have much higher hardness thaas alkalinity, and the new table values (based on
hardness-dependent equations) are now appropriate as standards.

C. New High Quality 2 Designations

San Juan, Segmeats 1, 3, and 9; Piedra, Segments 3 and 5; Los Pinos,
Segment 2a; Animas, Segments 8a, 10, 11, 12a, 12b, and 14; La Plata,
Segments 1 and 4; Dolores, Segments 4 and 10.

From the information available, it appears that the existing quality of these
segments meets or exceeds the quality specified by the revised criteria in
Table II1I, and new acute and chronic table value standards based thereon have
therefore been adopted.
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Second, in addition to these standards changes, the use classifications have
beer revised where vecessary so that each of these segments has the following
classifications:

Recreation - Class 1

Cold Water Aquatic Life - Class 1

Water Supply

Agriculture

D. Existing High Quality 2 Segments; New Classifications and Standards

San Juan, Segment &4; Pledra, Segments 1 and 2; Los Pinos, Segment 1;
Animas and Flori{da, Segment 1; Dolores, Segment 1.

These segments were alrealy described as High Quality Class 2, as all are
wilderness and wild and sceaic rivers. Available information indicates that
the parallel new High Quallity 2 designation continues to be appropriate for
each, along with new table value numeric standards and equations for cold
water aquatic life classificattons, i.e., acute (trout) for cadmium and zinc
and chronic (trout) for silver.

The following use classifications, and associated table value standards, have
been adopted for these segments:

Recreation - Class 1

Cold Water Aquatic Life - Class 1
Water Supply

Agriculture

E. New Use-Protected Designations; No Change in Numeric Standards

San Juan, Segaeate 3, 10, and 11; Pledra, Segment 6; Los Pinos,
Segment 6; Anl!mae and Plorida, Segments 3, 4, 9, 13b, and 15; La
Plata, Mancos, Mc’lmo, and San Juan, Segments 2, 3, 5, 6, 7, and 8;
Dolores, Segaeants 9 aand 11.

These segments all qualify for a Use-Protected designation based either on
their present classificatioas or the existing standards contain three or more
of the following metals parameters whose concentrations, based on total
recoverable metals, indicate they may be worse than that specified in Table
III for the protection of aquatic life class 1 use: cadmium, copper, iron,
lead, or zinc.

42

o




F. New Use—Protected Designation; Table Value Standards

Piedr:., Segment 7; Animas and Florida, Segment 13a.
These segments qualify for a Use-Protected designation based upon their
classification. Previous standards were based on table values and no new data
was presented to indicate new table value standards are not appropriate.
For these segments, acute and chronic table value standards have been adopted
for arsenic, cadmium, chromium (III and IV), copper, iron, lead, manganese,

mercury, nickel, selenium, silver, and zinc.

G. Revised Recreation Classification

San Juan, Segments 2 and 6; Piedra, Segment 4; Los Pinos, Segment 2b;
La Plata, Segment 9

The recreation classification on these segments has been upgraded from Class 2
to Class 1 (whole body immersion is likely) because the stream sampling data
indicate that the fecal coliform standard 200/100 ml is not being exceeded,
and conditions are normally considered suitable for swimming or intentional
whole body contact. This action was taken in response to a concern raised by
the EPA regarding segments not attaining "fishable/swimmable"™ uses.

H. Other Revisions

1. Los Pinos, Segments 3 and 5.

Based on stream sampling data for Segment 3, table value standards were
established as were ambient standards for cadmium and lead. For Segment 5,
ambient standards for cadmium and lead were added; table value standards were
added for the remaining'metals.

2. San Jﬁan, Segment 9 (Four Corners Area)
Table Value Standards for metals have been adopted for this segment with the
exception of total recoverable iron whose 50 percentile value is 2200 ug/1.

In addition, the recreation classification has been changed from Class 2 to
Class 1 with a fecal coliform standard of 200/100 ml.

0486m/0025m/
10/89 Rev.
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PARTY STATUS LIST
OF .
PUBLIC RULEMAKING HEARING
AUGUST 7, 1989

For consideration of adoption of amendments to the regulations for the San Juan River Basin, 3.4.0 (5 CCR 1002-8)

NAME REPRESENTED BY MAILING ADDRESS TELEPHONE
1. The Southwestern Water Richard L. Sisk Maynes, Bradford & Shipps 303-247-1755
Conservation District, "District” P.0. Box 2717

1060 Main Avenue, Suite 103
Durango, Colorado 81302-2717

2. The San Juan County William C. Robb Welborn, Dufford, Brown & ~ 303-861-8013
Mining Venture Tooley, P.C.
Suite 1700

1700 Broadway
Denver, Colorado 80290-1701

3. The Pagosa Area Water and James P. Collins Collins & Cockrel, P.C. ‘ 303-986-1551
Sanitation District, "District” 390 Union Blvd.
Lakewood, Colorado 80228

Timothy J. Beaton 1507 Pine Street 303-447-0028
Boulder, Colorado 80302

0332m/0023m
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3.4.12 STATEMENT OF BASIS, SPECIFIC STATUTORY AUTHORITY, AND PURPOSE;
FEBRUARY, 1990 EMERGENCY RULEMAKING HEARING

The provisions of 25-8-208 and 25-8-402 (5) C.R.S. provide the specific
statutory authority for action on these regulatory amendments

BASIS AND PURPOSE:

The Commission held this emergency rulemaking hearing to readopt the
classifications and numeric standards for the San Juan River and Dolores River
Basins to correct errors in the original filing. The affected regulation was
amended on November 7, 1989 and was filed within the required timeframes with
the Secretary of State’s Office and the Office of Legislative Legal Services.
The Commission learned shortly after the filings that three (3) pages had been
inadvertently left out of the regulation, and that a typographical error
appeared throughout the classification and standards tables that are part of
the regulation. The Commission office was able to correct the errors with a
replacement filing with the Secretary of State’s Office so that the regulation
published in the CCR (Colorado Code of Regulation) correctly reflects the
Commission’s actions.

The Office of Legislative Legal Services notified the Commission that it could
not accept the corrected materials as they had not been submitted within the

20 day timeframe called for in section 24-4-103 (8) (d), C.R.S. of the "State

Administrative Procedure Act”. It was suggested that the Commission needed to
repromulgate the rules that contained the errors submitted in November, 1989
and resubmit them. '

The Commission elected to proceed on an emergency rulemaking basis to avoid
any confusion that could result due to the fact that the two filings are
currently not the same., Therefore, the Commission adopted the corrected
version of the regulation at an emergency rulemaking hearing on February 6,
1990. Final action on the readoption is scheduled for June 5, 1990.

1776m/0184m/cme
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3.4.12 STATEMENT OF BASIS, SPECIFIC STATUTORY AUTHORITY, AND PURPOSE;
JUNE, 1990 RULEMAKING HEARING

The provisions of 25-8~202(1)(a), (b) and (2); 25-8-203; 25-8-204; 25-8-207
and 25-8-402 C.R.S. provide the specific statutory authority for action on
these regulatory amendments.

BASIS AND PURPOSE:

The Commission held this rulemaking hearing to make permanant the emergency
hearing that was held in February, 1990 to readopt the classifications and
numeric standards for the San Juan River and Dolores River Basins to correct
errors in the original filing. The affected regulation was amended on
November 7, 1989 and was filed within the required timeframes with the
Secretary of State‘’s Office and the Office of Legislative Legal Services. The
Commission learned shortly after the filings that three (3) pages had been
inadvertently left out of the regulation, and that a typographical error
appeared throughout the classification and standards tables that are part of
the regulation. The Commission office was able to correct the errors with a
replacement filing with the Secretary of State’s Office so that the regulation
published in the CCR (Colorado Code of Regulation) correctly reflects the
Commigsion’s actions.

The Office of Legislative legal Services notified the Commission that it could
not accept the corrected materials as they had not been submitted within the
20 day timeframe called for in section 24-4-103 (8) (d), C.R.S. of the "State
Administrative Procedure Act". It was suggested that the Commission needed to
repromulgate the rules that contained the errors submitted in November, 1989
and resubmit them.

The Commission elected to proceed on an emergency rulemaking basis to avoid
any confusion that could result due to the fact that the two filings are
currently not the same. Therefore, the Commission adopted the corrected
version of the regulation at an emergency rulemaking hearing on February 6,
1990.

1776m/0184m/cmec
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3.4.13 STATEMENT OF BASIS, SPECIFIC STATUTORY AUTHORITY AND PURPOSE: MARCH 1, 1993
HEARING:

The provisions of 25-8-202(1)(a), (b) and (2); 25-8-203; 25-8-204; and 25-8-402 C.R.S. provide the specific

statutory authority for adoption of these regulatory amendments. The Commission also adopted In
compliance with 24-4-103(4), C.R.S., the following statement of basis and purpose.

BASIS AND PURPOSE:

The changes to the designation column eliminating the old High Quality 1 and 2 (HQ1, HQ2) designations,
and replacing HQ1 with Outstanding Waters (OW) designation were made to reflect the new mandates of
section 25-8-209 of the Colorado Water Quality Act which was amended by HB 92-1200. The Commission
believes that the Immediate adoption of these changes and the proposals contained in the hearing notice
is preferable to the alternative of walting to adopt them in the individual basin hearings over the next three
years. Adoption now should remove any potential for misinterpretation of the classifications and standards
in the interim.

In addition, the Commission made the following minor revisions to all basin segments to conform them to
the most recent regulatory changes:

1. The glossary of abbreviations and symbols were out of date and have been replaced by an updated
version in section 3.4.6(2). .

2. The organic standards in the Basic Standards were amended in October, 1991, which was
subsequent to the basin hearings. The existing table was based on pre-1991 organic standards and
are out of date and no longer relevant. Deleting the existing table and referencing the Basic
Standards will eliminate any confusion as to which standards are applicable.

3. The table value for ammonia and zinc in the Basic Standards was revised in October, 1991. The
change to the latest table value will bring a consistency between the tables in the basin standards
and Basic Standards. ’

4. The addition of acute un-ionized ammonia is meant to bring a consistency with all other standards
' that have both the acute and chronic values listed. The change In the chlorine standard is based
on the adoption of new acute and chronic chlorine criteria in the Basic Standards in October, 1991.

Finally, the Commission confirms that in no case will any of the minor update changes'described above
change or override any segment-specific water quality standards.
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3.4.14 STATEMENT OF BASIS, SPECIFIC STATUTORY AUTHORITY AND
PURPOSE, SEPTEMBER 7, 1993:

The provisions of 25-8-202(1)(a), (b) and (2); 25-8-203; 25-8-
204; and 25-8-402 C.R.S. provide the specific statutory authority
for adoption of these regulatory amendments. The Commission also
adopted in compliance with 24-4-103(4), C.R.S., the following
statement of basis and purpose.

BASIS AND PURPOSE:

Oon November 30, 1991, revisions to "The Basic Standards and
Methodologies for Surface Water",. 3.1.0 ( 5 CCR 1002-8), became
effective. As part of the revisions, the averaging period for
the selenium criterion to be applied as a standard to a drinking
water supply classification was changed from a 1-day to a 30-day
duration. The site-specific standards for selenium on drinking
water supply segments were to be changed at the time of
rulemaking for the particular basin. Only one river basin, the
South Platte, has gone through basin-wide rulemaking since these
revisions to the "Basic Standards". Through an oversight, the
selenium standards was not addressed in the rulemaking for this
basin and has since become an issue in a wasteload allocation .
being developed for segments 15 and 16 of the South Platte.
Agreement on the wasteloads for selenium is dependent upon a 30-
day averaging period for selenium limits in the effected parties
permits. Therefore, the parties requested that a rulemaking
hearing be held for the South Platte Basin to address changing
the designation of the 10 ug/l selenium standard on all water
supply segments from a l1-day to a 30-day standard. The Water
Quality Control Division, foreseeing the possibility of a
selenium issue arising elsewhere in the state, made a counter
proposal to have one hearing to change the designation for the
selenium standard on all water supply segments statewide. The
Commission and the parties concerned with South Platte segments
15 and 16 agreed that this would be the most judicious way to
address the issue.

The change in the averaging period may cause a slight increase in
selenium loads to those segments which have CPDS permits
regulating selenium on the basis of a water supply standard. ¢
However, these segments are only five in number and the use will
still be fully protected on the basis that the selenium criterion
is based on 1975 national interim primary drinking water
regulations which assumed selenium to be a potential carcinogen.
It has since been categorized as a non-carcinogen and new
national primary drinking water regulations were promulgated in
1991 that raised the standard to 50 ug/l.

The Commission also corrected a type error in the TVS for Silver

by changing the sign on the exponent for the chronic standard for
Trout from + 10.51 to - 10.51.

48




2 St :"'f DLRARTMEA[ OF THE INTERIOR
: | UNMLD SJAl‘b‘a GE OLOGICAL SURVEY,

- 'A
e " CHARLES D.\\,ucon.umruon i

OF THE

RICO.- FOLIO
"COLORADO

4 —
INDEX MAP

0““1‘

188 (5 “eun

o

AdOD 1NOISOT0 Vd3

4dog ) wwtwo )
ezo(Q’ 05’ I




O IR N e b e FAS O
o | Vi Mk - .Y E. f‘_' W MY 1 . : 1
b T ~ ' ‘ Y ' -2
| YR S | S 2
0 RIS l !
\ki /Q A js | T ' v e
SO oM, Rewns | [ AR, o —/.:
E ~\CUSTER, 2 :—5
< —\~\ D a3 AN =]
/7 N\ 2 i &1 1
B\ =N $ _ _'] ot
21|
.‘/ AN 4 . A I 1 ]
P " Walsenfan it S ) s ___.4
“To G S
N o /[
=7 -\! vy ?
P |- ¥ ¥ ¥ s/»l
Aot \ 7 e - K B S/
BOUTHERN el \ACO g s Juatoien { s \ ST
NIE. LN S o Ve e T\ S L"Aj.oav - S o
! ; <~ | e NEW MEXICO VT . g
KE_QLN‘RZ SJ’J()U’ B (F.' ﬁp ) & 08 "’Eb .‘f(‘), T X}, = I\l

RICO FOLIO

OTHER PUBLISHED FOLIOS

' \

CONTENTS

. M
DESCRIPTIVE TEXT
TOPOGRAPHIC MAP
AREAL GEOLOGY MAP

.
ENGRAVED AND PRINTED BY THE U.S.GEOLOGICAL SURVEY

CLORGE W.STOSE, CDITOR OF GEOLOGIC MAPS

ILLUSTRATION SHEET

'

Folro 130"
WASHINGTON, D. C.

\ 1905
A

~

ECONOMIC GEOLOGY MAP
STRUCTURE~SECTION SHEET
COLUMNAR SECTION SHEET

Ty,
CLOLOCIC AL g

5V poaviR -r“:
JUL 28 1981

UBRARY o
Ctowc“: Dl'“‘o

S JKUBEL, CMILF ENGRAVER

8o

e

.~

i

got

-

BREPEITLPE- ISR

e eed

wme

Tl

- .,;._;—,. e i




DESCRIPTION

INTRODUCTION.

The Rico quadmngle is situated in sonthwestern
- Colorado, about 50 miles west of the Continenial
Divide, in the zone bordering the San Juan Moun-
tuing, ulmost at the head of the Dolores River. Tt
is bounded by meridians 108° and 105° 15" west
longitude and parnllels 37° 30" and 37° 45" north
Iatitude, embracing about 236 square milcs.

GENER

AL RELATIONS OF TILE QUADRANGLEL

Relations to the platean country.—~The Rico
quadringle lies in the north-south zone thai
marks the enstern border of a very nowble pla-
teau surfuce which covers the greater part of the
aren butween the Colorado River in Utah and the
San Juan Mountains of Colorado. Below the
genily undalating surface of this plizean many

_eanyons have been cavved by stremms, one of the

principul gorges being that of the Doloves River.
Eutering its eanyon valley within the Rico quad-
mngle this stream flows with irregular cowrse for
about 1S miles in a southeesterly direction and
then swings to a general north-northwest trend,
which it maintaing for over 100 miles to the
Grand River.

The larger part of the plateau surface lying
hetween the Dolores und Colordo rivers is called
the Great Sage Llain, while its direct continnatiun
eastward and toward the head of the Dolores is
named the Dolores Plutenn.

Thig broad plain surfice is ddue chiefly to a
heavy sandstone, the Dakota (Cretacecus), nnd its
widnlations are in purt structurad, in harmony
with the slightly varying dips of the sandstone,
and in part owing to remnants of the soft, thick
shale formation normully overiying the saualstone.
The Great Sage Plain of Utah has a generl eleva-
tion of GOOQ to 7000 feet above the sen.  Kastward
the Dolores Platean gradually rises with the dip of
the swdstone until, on the western border of the
Rico quadmmgle, it has an allitude of over 9000
feet,  Beyond that line it vises more mpidly ns the

" Dakota sundstone and other formmutions take part
in the loeal structures of the Rico and La Plata
- Mountains, to be deseribierd in detail.

Lelations to the San Juan Mountaing.—The
somthwestern front of the voleanic San Juan
Mountains lies G to 8 miles northenst of the Rico
quadrangle.  ‘Fhe intervening space is chamcier-
ized by irregular foothill topogmphy, with fentures
due in purt to the npturning and crosion of various
sedimentary forations about the ancient San Juan
center of uplift and in part 10 large masses of intru-
sive igncous rocks. These intrusions are simiiar
in character to those of the Rico Mountins.

Nou surfiee voleanic rocks of the Sun Juun suc-
cession acenr in the Rico quadiangle. It is prob-

able, however, that the San Juan voleanies once
extended over this aren and have been removed by
erasion.  Tn snppert of this iden may Le mentioned
the fher that only a fow miles north of the Rico
aren, on the zouth slopes of the Saa Miguel Moun-
taing, a line of high peaks which are geolagically
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Freatures of the Rico Mountains.—The small
group of mountains in the novtheastern seation of
the quadrngle is in large degree a loeal center of
uplift which is apparently independent of igncous
intrugion; but it is also to an important extent
characterized by wmny injeoted lnccolithic masses.
The intrusive rocks are of kinds common in the
so-called laccolithic mountain groups of the pla-
tean country, embracing the La Plata, 15t Late,
Carriso, Abnjo, L Sul, and Henry mountains,
most of which are pluinly visible from the Rico
summits,  This chamecter of the Rico.group was
not recognized during the Hayden Survey.

The sedimenlary section.—In general the sec-
tion of sedimentary formations exposed in the
valley of the Doleres River is that normal to
the zone about the Sun Juan Mounntaing, It is,
for cexample, like that shown in the adjoining
Telluride quadimngle by the erosion of the Sun
Miguel River, und exiends from the Mancos
(Cretaccous) shales down into the Carboniferous
red beds.  But in cousequence of the Rico uplifi
and its biseetion Ly the Dolores the lower Izleo-
voic formations are shown locally, and even cer-
tain quartzites of the Algonkinn.  The formations
thus revealed in the Dolores Valley have the gea-
el characier of the complete section more -per-
fectly exposed in the Animas Valley, nbout 12
miles to the enst. The Mesozoic formations are
the same that chameterize the canyons of « the
pliteau country to the west, but it is known
that most of those formations exhibit progres-
sive changes a5 distance fron the Colorado moun-
tain sren increnses.  These changes have not yet
been, examined in detail. .

GFROGRAPIIY AND TOFOGRAIUY OF THE QUAD-
RANGLIL

The Rico quudrangic presents three especinlly
prominent types of topographic forms, each dom-
inaling a consideralle part of the area.  These not-
able features are (1) the Dolores Platean, (2) the
Rico Mountaing, snd (3) the Dolores Vulley, with
its muny Iateml brnches.

The Doloves Plateau.—The western half of the
Rico quadrangle belongs to the Dolores Platenu.
A glanee at the topogmaphic map shows that
between the Dolares River and Stoner Creek thers
is o gently inclined mesa crossed by the western
meridian of the quadrangle at an clevation of
about 9400 feet. The flat crest of the narrow
ridge between Stoner Creck and the West Dolores
is clenrly o remnand of the sune piatean level and
on ?hc northern line of the quadiangle it appears
again,

South of the Dolores the same notnble mesi
funture may be vecognized.  The actual extent of
the mem surface in the quadrangle may be most
clearly apprecinted by an examinaiion of the geo-
lugical mxap, where its outling is shown by menns
of the mapping of the distribution of the Duakotn
stndstone, its floor. The mesa vemnants are
Lonndad by distinet sarps formed by the sindstone.

The platenu featnre mmdually disappears as its
sidstone fioor comes wivler the infuence of the
i) . Ta Dare

the quadrangle the mes
cisely stmilar munner by
tins, the steeper slopes
two south of the quadsn
Rico and La Plita mow
by the Dolores Valley o
the eastern side becnuse
formations on this geners
of the broad San Juan sz

Almost the entire surt
tenu | remnants is covers
which white pine and asp
The mesa border southw
ciatly chumcterized by :
sintely aspens. At lower
cedar, and scrub oak 1
prominent.

T'he Rico Mountaing.—
pact and rather isolated ;
area about 7 miles in di
and 3 miles from north ¢
acarly all included withis
the Rico quadmugle, b
hundred and cighth m

Mountain quadrangle.

‘The topographic map -
the general chamcter of th
with the platean srea aml
the Dolores Valley. Th
the finer details of form
situated ecast of the gquad

From these maps it me
Mountains consist of u ¢
peaks, divided into two «
the Dolores Valley.  The
exceeding 12,000 fect in«
and the narrow crest com
Lelow 11,500 feet on cith
passing through the gro
severul important tributa:
expose the internal structe
important respects.  Thes
deep, with steep sides, an
actively engaged in the w

The charcteristic forn.
are itlustrated in the ple
this folio. Fig. 1 in par
of form.commonly preses
on the eastern side of the

Timber line in the Rien
11,500 and 12.000 feet,
trend in severn! of the il

The Dalures Vealley.—
carved iis valley through
Mountains, and near the
guadrangie it enters a
plateau level, in which it
the Grand River. The
stream within the aren
Creck, which lieads a few
La Plats Mountains.  The
nearly as large as the e
within the platean region
the Dolores is at the n
Mountains.
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canyuns fve boeen arved by streama, one of the
principal gorges being that of the Dolores River.
Entering s cwnvon valley within the Rico quad-
rangle this stream flows with irregular course for
about 1§ miles in n sowthaesterly direction and
then swings to a genem! north-northwest trend,
which it mainwing for over 100 miles to tuw
Gmnd River. . )

The lurger part of the pltean surfie lying
between the Dolores and Colorudo rivers is called
the Great Suge Phiin, while its direet continuntion
eastward and (oward the head of the Doleres is
named the Dolores FPiatenn.

This broad plain surfice is due chicily to a
heavy sandstone, the Dakota (Cretecous), and its
undubitions are in puot stinetoml, in harmony
with the slightly varying dips of the sandstone,
and in part owing w0 renmanis of the soft, thick
shale formation normully overlying the sandstone.
"T'he Great Sage Phain of Utah lns 2 genern! cleva-
tion of GOOO to 7C00 feet above the sen.  Fastward
the Dolores Plutean gradually rises with the dip of
the sundstone until, on the western border of the
Rico quadeangie, it kas au altitude of aver 2000
feet.  Beyond that line it vises more rapidly ns the
Dakota sandstone and other formations take part
in the loeal structures of the Rico and La Mlata
Mountrins, to be doseriied in detail,

Relations to tie San Juan Mownlains.—1he
southwestern  front of the volamic San Juan
Mouniaing lies 6 to 8 milez northeast of the Rico
quadrangle.  The iniervening space is chameter-
ized by irregular foothill topography, with fentures
due in part to the npturning und erosion of various
sedimentary formations about the ancient San Junn
center of uplift and in part to large musses of intru.
sive igneous rocks. These intrusions are similar
in chareter to those of the Rico Mountains.

No surfuce volenic rocks of the Sun Juan guc-
cession occir in the Rico quadrngle. Tt is prob-
able, however, that the Sun Juzn voleanics once
extended over this area mid have been removed by
crosion.  Tn support of thiz idea nuy be mentioned
the fuct 1t only a few miles north of the Rico
aren, on the souih slopes of the Sun Aliguel Moun-
tains, n line of high peaks which ure geologienlly
ag well uy topogmphieally western outliors of the
San Juan Mountains, remuants of the horizontal
surfice hivas of that district, us well g great mnsses
of intrusive rocks, are found.  The base of the sur-
fuce volemnicy in the Sun Miguel peaks stands at
about 12,000 fect, which is higher than any por-
tion of the Nico quadmngle except certain points
in the local area of wplift in the Rico Mounmins.
The Rico area is geologically related to the Sun
Jurn region chicfly in regard to pre-Tertinvy for-
mintions and structure and the Quaternary ero-
sion of strenms heading on the San Juun flank.
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Teilirbde guadmngle by the crosion of the Suu
Miguel River, andd oxvends from the Maneos
( Cretaceous) shates down into the Carboa 3
red beds. But in consequence of tite ico vkl
wnd fis bisection by the Dolores the lower Puleo-
zoie formmtions wre shown locally, and even cor-
tin quarizites of the Algonkian,  The formations
thus revesled in the Dolores Vidley hiave the gon-
erzl chumcter of the complete rection more per-
fectly exposed in the Aaimas Vailéy, about 12
miles 10 the cast. The Mesozoic formations nre
the same that chamoierize the canyons of the
platean country io the wesi, but it is kacwa
thaz most of those furmations exhibit progres-
sive chianges as distance from the Colomdo moun-
lain aven incresses,  These changes have not yet
been examined in detail.

2

GrOGRAPIY AXD TOIOGRAPIY OF THE QUAD-
RANGLE.

The Rico quudmngle presents thiee espesindiy
prominent types of topographic forms, each dow-
inating a considernble part of the area.  These not-
alile features are (1) the Dolores Platean, (2) the
Rico Manntains, and (3) the Dolores Valley, with
its many lateral branches,

Tie Dalores Plutean.—The weslern haif of tic
Rico quadimngle belungs 1o the Dolores Vintean.
A giance at the tepogmphic map shows that
hetween the Dolores River tnd Stoner Creek there
is a gently inclined mesa crossad by the weslern
meridian of the quadrangle at un clevation of
whout 9400 feet. The flat crest of the narraw
ridge between Stoner Creek and the West Dolores
is climrly o remuant of the sume platens level and
on :he northern line of the quadmngle it appears
again,

South of the Dolores the stme nottble wesn
feature may be recoguized.  The uetual exteny of
the mest surfuce in the quadmngle may be most
clensly apprecinted by an examination of the geo-
logical map, whera its outline is shown by meung
of the mupping of the distribution of the Dukout
sandstone, its floor. The wmesr remnants e
Lounded by distinet scarps formed by the sandatone.

The platenu featire gmdnally disappenrs s its
sundstone floor comes under the influeee of the
lpcal domal uplifis of the Rico and La Dlaa
mountzins.  The contours of the map clearly
express the changing dip of the Dakota sandstone,
and with it the changing slope of the mesa gur-
face iself as those mountning are spproached.
West of the Rico Mountains the dip. slope of the
mesa reaches an elevation of 11,500 fect on ihe
ridge west of Eagle Pak.  This corresponds
closely to the level atimined by the similar pline
on the ¢ast side of Bear Creck, north of the La
Plata Mountains, for acress the sonthern part of
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- THE RICO QUADRANGLE.

Nhitman Crossinnd X L. Ransome.

RAL GEOLOGY OF THE QUADRANGLE.

Ly Wiitwnn Craxa,

«#.—Tie smell | the quadrangle the mesa floor is effected in pre-

stern section of
loeal center of
lent of igneons
‘portani extent
vlithic masses.
wmmon in the
jw of the plu-
‘lata, 121 Late,
ry mounfiting,
from the Nico
o group wns
’lll'\'Q_\'.
nern! the see-
posed in the
at normal to
utains. Tt is,
the adjoining
n of the San
the Mancos

cisely similar manuer by the opiift ¢f those moun-
taing, the steeper slones of which begin o mile or
two south of the guadimngle line. Between the
Rico and La Plasa mountains the mesa is ent off
by the Dolores Valley and does not reappear on
the enstern side becnuse of the wpturning of ul)
formations on thiz geneml line, under the influence
of the brond Sun Tuan etrueture. :

Ahuost the ensire surfuce of these mesa or plu-
tean remmants ig covered by a forest growih in
which white pine and aspen are the chicf clements.
‘The mesn border sonthwest of Bear Creck is espu-
cially chometerized Ly n magnificent growth of
stately agpens. At lower fevels pifion, white pine,
cedar, mud scrub cak become more and more
prominent.

Zhe Rico Mounining.—1he smmmits of this com-
onct and yather izolsted group lie within an eval
rres about 7 miles in dinmeter from enst 10 west

tarbaniferons , and 5 miles from north to sonth. Phe peaks nre

« Rico uniift
lower Pualco-
‘nd even cer-
he formations
mve the gen-
momare !)CT-
v, sbout 12
rmations are

uearly all included within the northenst seciion of
the Tlico quadmagle, but u fow lic enst of the one
Enudred and cighth meridian, in the Engincer
Mountain qundemnyle.

The topogmphic map of the enadmngle shows
the genernl chorcter of the mountuing va eomprred
with the platean aren andd the Jong hteml vidges of
the Dolores Valler. The speviul sheet exhilits

vong of tle{ihe finer detils of form anl includes the peaks

1 i3 known
ibit progres-
ordo soun-
myve nnt vel

siteazad cagt of the quadamgle line.

Trom these rmups it may be seen that the Rieo
Miountning consist of n circle of high and raggol
peuks, dividal into twa ermseent-shaped halees e

o ove

F. M. Endiich examined the district to the cast,
the one huudred and eighth weridian, passing
throngh Telescope Monntain, being apparently the
general western boundury of his field of work. In
1876 W. H. Holmes made a mpid reconnnissince
over the platean conniry to the west.  The ¢onpli-
anted geolagy of the Rico uplift, coming on the
border zone between the fields of different men
working in different seagons, did not reecive mle-
quate attention, and the Hayden map of this nreu
is, thercfore, quite unsatisfactory.,

Jo I Furish and 1 A. Rickard.~The only
geologien] explorations of the quadmugle since the
time of the Hayden Survey have Leen conneeted

with mining developments in the Rico Mountains. .

In the courre of descriptions of same of the min-
ing properties near Rivo there have been Lrief Jis-
cusyions of the geology of the mountin group.
These diseussions were for the most part founded
on observations near and in the mincs of New-
man Hill  In 1892 John B. Farish read a paper
hefore the Colorude Scientific Society antitied *On
the Ore Deposits of Newmun Hill, nene Rico, Col-
ordo” (Proc. Colomdo Sei. Soc., vol. 4, pp. 151~
164). The description of the ore deposits wns
preceded by some genernl remarks on the geology.
The structuie of the mounntaing wis reeognized by
Furish a3 0 domal uplifi.

A detailed deseripiion of the Euterprise mine
wng publishal in 1896 by T. A. Rickand, then
superintenddent of the mine (Trns. Am. Inst,
Min. Eug., vol. 26, pp. 90G-980). In this paper
there nre bt few statements concerning the gen-
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a—the small | the quadrangle sl meen foor i3 affected i pre- T M. Endlich examined the district to the cast,
astorn section of cisely similar muner by the uplift of iase monn- | the one hundred aad cighth moridion, possing
« toend venter of {ning, the sleeper slopes of which hegin o mile oF throngh "Felescope Mountain, being apjaremly the
wlent of igneous | 1W0 south of the guadmngle line.  Between the { general western boundury of his fiold of work. Tn
nportant extent Rico and La Plais mowaing the mes? is cut off | 1876 W, 11. Holmes madle 8 mpid recontisENee
colithic masses. Ly the Totores Valley and docs not veappeny an \ pver the pluteau country to the weat, The ompli-
common in the the castern shje because of the uptwning of sl L ened geology of the Rico uplift, coming on the
aps of the plo- formations on this seneral line, wuder the influenee border zone berween the ficlds of different nicn
Plata, 1 Late, of the broad Can Junu stractnre. working in Jifferent seasons, Jdit not receive ade-
ury spountaing, Almost the entire surface of these wesd ov pla- | quae attention, ami the Mayden map of this area

feom the Hieo | tesn renmmnts 13 epverwl by 8 forest gmw\h inlis, therefure, quite wnsisfctory.
\iico group wod which white pine and aspen ure the chief ctoments. J. B Farish und 7 A Lickard —"The ouly
Kurvey. The mest bovder gouthiwest of Teur Croek is (pe geotogicnl explorations of the qum'h-:\n;,;lc sinee the
eneml the sec- cially charaeterized by 8 magnificent growth of } ime of the Hayden Gurvey have been connected
xposed in the | stately napens. At Jower levels pifiow, white ping, with wining Jevelopents in the Rico Mountins.
‘hat normal 10 cedar, and serud ouk become more aod morc\ln ihe connse of deseriptions of same of the min-

antaing. TS, prominent. ing propertics near Rico there hnve beew brief dis-
the adjoining The Rieo Meuntains.—The smmits of this con- cussions of the aeology of the monmtain goup-
o of the Sun | pact and rathey iwolated gronp lie within an nvul\'l'hus‘e discunsions were for the most part foundud
area about 7 miles jo diameter from east 10 wesx,‘ou ohservitions newr and in the mines of Now-

and 5 miles from north to south. The peaks nre; Wl il In 1892 Jobn B. Farish e n paper
nearly all inchnded within the norihenst section of | before the Cotorado Suientific Gocicty entitled ¥ On
the Kico quadmngle, hut a fuw lie east of the one the Ore Depesits of Newman i1l nea Lico, Col-
hundred snd dighth meridian, i the Fngincer orado” (P'roc. Cotorndo Sei. Soc., vol. 4, pp. 191~
Mountain q\uu\rzmgle. 164y, The deseviption of {he ore doposits WhE
The miwgmph'\c wap of the qu:nh-.mgle shows px'ecodcd by some gcucml remrke on the geology.
the genersl chauacier of the mountnins 18 compared The gtruciure of the nountaius was secopuized by
witl the platewy ured and the long taterl ridges of Fayigh vs o domal uplift.
the Dolores Valley. "The spevial sheet exhibits| A dotuited deseription of the Enterprise wine
the fner details of form and includes the peaks wag published in 184G by T A Rickazd, then
sitwated cost of the qnudrzmglc hine. su'pex’mlcndcut of the mine (Trans. A Tust.
From these mups it may be secn that the Rico Min, Eng., vol. 26, pp- 906-080). In thiz paper
Mountnins consist of a circle of high and rogged there are but few stitements coneerning the gen-
penks, divided iuto Wwo eroscent-shnped halves by evul geology. The steata shout Rieo wre sl 1o
the Dotores Valley. Ihere are twelve penks, cach | be fossitiferons and o beloug lo the Jower Car-
excepding 12,000 feet in clevation above s€2 Tovel, | boniferous, and the common igneous rock s catled
and the narrow crest connecting them rarely sinks porphy e, ol s concisely desoribed by 1 C.
below 11,500 feet on sither side of 1he viver. In Rills,  Rickerd seforg o *a havge dike of porphy-
passing through the groud the Dolores receives | rite” crassing the valley north of- Rico, " wmaking
severnl important iributaries on cach side, whiclt o funly which breaks the continunity of the conn-
expose the jnternal structure of the group in many wy on cither gdes It would appear that this
jmportant respects, These laternl gulches are a1} | reference nust be to the wass of schists with swoll
deep, with steep s, and their streams ave atilt | dikes of hornh\cndicpnrphyry-,but the position and
actively engaged in {he work of erosion. - . | importanee of the fault are not further indicated.
‘The, chameteristic forms of peaks and gulches U. S. Geological Surzey—1n the cowsse of the
are lnstrated 10 the photographs reproduced in present Tesurvey of the Rico quadrangle the geo-
s folio. Tig. 1 in purticular ghows the details Tngic compligaions in the Rico Monutains were
of form commonty present in the higher summits found to be so great that & detailed topographic
on the eastern side of the river. - map and o special report ON ita geolosy and
"Fimber ling in the Itico Mountains lies between minerl yesgurees WOre found necessary. This
11,500 and 12,000 fopz, aud its conrse way be report :xppe:\md in the I wenty-first Annvel
iracetd in sovemt of the Hustrations of the folio. Heport of the Gco\ogicu\ Survey wmler the title,
e Dolores Valley—The Dolores River hus «Geology of the Rico Mounntnins, Catorado,” by
earved its valley through the heart of the Rico Whitman Cross and Arthur Coe Spencer.  AS the
Afquintaing, and pear the western bonndary of the | Rico Mountning are the most jmportant wud wost
qum\mnglu i enles & eruyon ent far below the complex purt of the quudmnglc e text of his
plateau Jevel, in which it fows Lo ifs junction witly | folio is in large degree Aeseriptive of the phe-
the Grand River. The Lranches of the: main | nomend exhibited in the mountains,  But as ouly
stroam within ihe aren are alt ghort, exeept Dear | the hroader funtures of the geology v Le treated
Creck, which hends o fow wites 10 the sonth in the in this phce the renler witt afien he refervad for
La Tlats Mountaing. The West Dolores Valley is details to the pubﬁulliml ju'sl. cited, which will be
penly as large a3 e wnin furk, but Yies wholly callid in general tevws Wihe Rica ropart.” The
within the plateat region- The extreme head of spocial Wap of that report i3 repubtished in this
the Dolores is ab the northeast bose of the Rivo | folio a8 the m;uom'w shect.
Monniains. ., A report on {he ore deposite of the Rico Moun-
The convons of he Tlolores River, Last Canyou, tning, by ¥ rederick Leslie Ransome, appenred v
Stoner Greck, and the West Dolores are charmeter ihe 'l‘wcmy-sccénd Annual Report of the Geologi-
iatic of the dminnge channels of the phateru conn- cal Survey, Part 1, pp- 0on~307. A swmmary of
try. The sides are stecp and nre modificd LY that repert constitutes the section of this folio on
many minor searps ropresenting resiatont sande s Yeonmmic gcoiogy."
stone storett. . Volios presenting the geology of the Tellaride
quadraugle on (he northeast and of the La Plua

zle on the south have been jssned.  Those
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dmitar pline The Hayden Survey.—1he country sdjacent 10 of the Eugineer Mountain aml Durango quad-
Rico was viited by .geologists of the Hayden yangles, yespectively onat  aund southenat of the

1 of the Ia A
hern part ofiSurvcy in 1874 and 1876, In the former yeur Rico, are in prepantion.
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CULTURE,

_ The agricultural development within the Rico
quadmngle is limited to small arens of hottom
Tand, prinvipally u the valley of the West Dolores
and o o les extent in that of the main river. The
level expanses of the plitean are nat available
for enltivation, beciuse of the ek of water.  They
afford excellent grazing land in wany places.
Metalliferous deposits in the Rico Mounluing
have led 1o extensive mining opurntions and the
foundation of the town of Rico, sitnatal on the

river in the haart of the mouniain gronp. Fhe
Rio Grimde Souihern Railrod crasses the quad-

s of the Dolores River.

DESCRIPTIVE GEOLOGY
THE ROCK FORMATIONS.

rangle, following the valley

SEDIMERTARY AND M ETANORIHIC ROUKS,

ALLGONRIAN Sys

Intraductory statrinenl.—The rocks which are
described ag Algonkian ocenpy a st nrew in lhc
center of the Rico Mountains, whare they hav

La#e— Pecaw\\rﬁo & heen exposud by the aieving of the Dolores \’ulle\'

through the heart of the uplift.  They comprise
quartzites and quartzitic schigts and ave gimilar to
the series of rocks 0\‘]!08(‘!1 in the Uncompaligre
Canyon on the north side of the San Juan Moun-
taing amd in the Newlle Mountains on the south
side of the San Juan.  Tn the latter region they
were represented on the Mayden map as “mcta-
maorphic Pualcozoic.”

The quartziies of the Animas Cauyon section

through the Needle Mountsins have heen examineld
by Eummons und Van liise, who have assigned
_them to the Algonkian system. The correctness
of this wetignment iy condirmd by recent work of
the Geological Survey in the Needie Mountains
and the discovery of Ciunbrian fossils in the lowest
Paleozoic formazion of that aren, which rests uncon-
formably on the quartzites and other pre-Cimbirian
rocks.  In the Sitverton folio the quartzites, shatcs,
and conglomertes of this ancient complex were
calied the Uncompubgre formation. e Uncon-
pabgre quartzites and slates are underliin in the
Nealle Mountains by o thick eonglomerte ealled
the Vulleito formation. The Valleciio and the
Uncompahgre together eonstitute the Needle Moun-
tains group, according to the nomenclature pro-
posed in the Neadle Mountains folio.

UNCOMPATANIL VORMATION,

Churasler~The Algonkian rocks, very i per-
fecily vxposed at Rico, consist of quarizites and
quartzitic schists benring small amounts of mien
The quartzites are found only in the valley of Sil-
ver Creek, in small upthiust fauli blocks, and are
not distinguishable in clineier from other massive
quartzites, 10 be deseribed Iater, which are supposed
to be of Cumbrian age; but the vigible thickness
and the structumal attitode of the Algonkinn rocks
make it impussible to refer them 1o the thin Cam-
brian formation of this region.  They nre white
or tingnd with brawn, with occasional red or TSty
bands. ‘Théy are composed almost entircly of
quartz, ocewrring usually in small, even-griined
particles, but somciimes in the foem of pcbbk’s
less than an inch in diamcter. The rock is com-
Pletely indumitad by the intersiitial deposition of
quartz, e that it s now glissy gunrizite, very
resistunt to erosion.  Distinet partings between the
beds of quarzite are novwhere ohservable in present
exposures.  However, the bedding or stratification
planes may frauently he minde out from a study
of the massive quirtzites, where differenues of gruin
are found or where cross-bedding is ebservable,
Ripple-marked surfac

Occrrrence.—There

s are sl eecnsionally seen.
t SIX sepanle areas of

quarizite in the valley of Silver Crock, and of
these oue, that below Allyn Galeh, s cortainly
Algonkian, as st e inferrad from s great

wass; another, on the oppasite side of Silver
Creek, iz projably of that age; while the athers

have been asdined 1o the Padeaznie. T the place
: . .

devations of 9200 and 9300 furt, showizz a con-
tinuons exposure nt one phe to a thivkiess of
30 feet, thongh fram the structure it i eobable
that o greater tthm.« is present. The st~ and

dip may be determine? iy this vegion o

\\'hil('

both are variable, the furmer s gener:ils about
N 10730 EL andd the latter is steeply tomand the
sl of wist.  On the north, south, and rest the

boundarices of this mnss of quartzite are ne: kaown,
sinee they sre coverad by surfies débris; e from
the adjeent ocenrrences off ]un'ph\'r\' helasging to
the thick sitt of Newman THI it is almass centain
that the quartzite is limited on the south and

wenl by faalts, in the nanner indicated on the
map, while on the north it nay conncer under-
nenth the valley wash with the quanziie on the
nerth side of Silver Creck. -

Within the nren just mentioned the rocks 2ve very

imperfeetly exposed, except in loeal paichies, but
from these aud from the data devived from tunncls
and pragpeets it i detinitely knowo that tiee northe
ern Thmit is along the Last Chance faule, wizich has
a newrly east-west comse. The highest exiasures
are near this faull, ot about ‘H()O feet, il the
quu.mc can not extend much beyond thiz poinmy,
since green shales and sandstones are exposed w
about the sune elevation in the deaw belaw the
Abma Mater mine,

SCIST.

haracler.—The remaining rovks of prulmble
Algoukinn nge may be termed sehists, sinee thiey
have = more or less distinet folinted struciere, not
due to ariginal bedding, but superindueed v met-
amorphisn under stress.  In these sthisis the
stentifieation may be made out in some cises by
difierences in the chamcter of adjacent Las L and
to this structure the folintion is genemily. hongh
not abways, pamlicl. The dircction of fulintion
docs not vary greatly from cast and wesi. and g
position is nearly vertical wherever observed.
The schists are dense biuishegroy rocks, e foli-
ation heing cwsed by the armngoment of vory
minnte particles of biotite and uciinolite, net recog-
nizable to the unnided eve. A delicate jusier is

visible on the plines of cusier (ructure, the
schistosity i3 never very highly developud 2ad the
rocks often break readily aeross the strnctere with
st conchoidul fracture.

In a few places the vouk has quile clearly the
chamcter of a nashud product, apparently rived

from o porphyry in which there were phenrysis
of quartz aud feldspar.  There is a slight Gevelop-
ment of toarmaline in sich rocks.

Intrudad into these sehists, in general pasellel to
the structure, but sometimes crosseatting, 2re many
thin dikes of a dark porphyritic rock.  These are
prominent on both sides of the river, hut have not
been fonmd in the Algonkian quartzites nor fn auy
other rock than the schists; bence they are sup-
posid to be very old intrusions, independent of the
other cruptions of the region. This ides Iz sub-
stantiated by the mashing of some of ihe dikes.
Stout prisms of hornblende are the only promi-
nent arystals of the rock.  There is also mneh
seeondary horublende and epidote veverdel by the

microscope. The former. subordinate feldsnathic
constitnent is 50 imuch crushied aod alterad L the
original chareter < not be datermined.  Plugio-

prodibly predominant over orthociase.

OQuuarrence~—~"1he Algonkinn schists oceer only
in the Dolores Valley just sbove Reo i samall
upllxrus; fault biocks, amd the structnre abos: then
is so complicated, as shown by the gpeciad ~heet,
that the relations of the schists to the Alzonkian
auartzites and of the latter w smnil areas of Paleo-
zote quartzites huve not been satisfivaorily demon-
steuted in ul} cases.

canpriaN (7) svsriw,

IO0NACIO QUANTIITR.
Introductory statement~"The lowest mewsier of
the Paleozoic seation displavad in the Rieo Moun-
taing is a quarizite which was gruped the
averlying Timetone in the o report, both: being

refernad ta the l‘vmm.m, thongh with a <«

deserving

maiion
quarizites and
intermaliste fsmation consists
Anins Valley, of thin-ladd
cilenveons shales with
qusrtzites, the whole lexs thun
ness. Fragmens of fish sebes s
found in these bals and althouy
cally determinalda forms lave s
is consideral protable by D (
hiag studied thes, dhiat these fo.
closely velated i Bsl renmins o
kill formation the upper N
sylvania,  In Sitvarton ful’
series of beds was named the
The vbservation: tade ub Rico
prosence of the Eibert beds ot
is possible that ke Tmited expue
or less metmmorphostd condition
have of
fertares of this furntion,

The loweast lithciogic division
seetion i the Asimas Valley is s
iteg, il variez in thickoness e
to 200 feet. .\ single fossil sh
Charles . Wakeait us Obolux 5.
eertain Upper Camibrisn speeies,
these quartzites, and therefore it
best to sefer tie sormation o th
tmm sevies of tite Combrian,

recornition
Devanian

varying

o

hindered recoguition

folio this was named the Ignac
its ocenrreinee wear the Tenacio 1,

neer Moantain guadrangle

Tiee Dynncio bods wl Rica.—Th
provisionally referred to the 1
may be seen in bed of the 1t
above Rico nud slong the west ha
Phese strata Jdip w2 angleof o 6
ward, passing umlee the nnnm.nlx
the Atluntie Cable claim, “Fhey
benezth thut lnestone in the by
the claim mentionad. Tt
quartzites vench 2 thickuess of at |

This bagal quastzite is a wae
dense and bighiz idumted. D
vellow-white red and brown
a slight variation fn grmie, the mas-
heing  fairly  hemagencons,  The
gometimes Hscernible, thoungh o
by jointing and rifting. The f
(!curl_\' distinguiziable frum the A:
ite except by are regular bod
conformalile e which il -
Iving Palioro

[ENT

Oceurrence—"1

ho most clady
ites of the Tgnutic furnation veeur
the Dolores River, just north of 1t
The Smelter fack. Certain other o
ssociinted with Algonkion schi-
of the river near the Last Chance
been referred o s fonmntion. S
ites, mappud a8 Davonian on the spu-
punying the Rics report, ocvur b
Silver Creek.  These quartzites e
conformity with "u.- Carboniferous
mun BUIL OF ey are Conbrian
abwence of le Lineston
mugi be expliinal. In the Rieo r
the reader must be referral for fun
of this question, & was assumed tha
innestone twan renoviad by o
point befure the daposition of the
baniferous).

voniin
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OUNAY LIMNKSTUNK,

Nume and. dr —The pre

nian simta in zouthwestern Colos
recognized in 18730 thegugh collee

made by 1% M. Falich, of the aya
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The mnne Queay fLucsionae was prog
Spencer, in WG, Lfer the strata be
amind in connecion with the UL
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r 9200 and 9300 feet, showing n con-
wsure at one place to a thickness of
sugh from the structure it is proluble
- thickness is present,  The strike nnd
determined in this region md, while
riable, the former is generally about
1. and the latter is steeply towand the
. On the north, south, and west the
o thiz mus= of quurtzite nre not kuown,
aecovered by surface débris; but from
neeurrences of porphyry helonging to
11 of Newnum Mill it is nhnost certain
wrtzite s limited on the sonth and
lts, in the manner indicated on the
i the north it may conneet under-
alley wash with the quartzite on the
* Rilver Creck.
s area just mentioned the rocks are very
vxposed, except in loenl paiches, bub
ad from the data derived from tannels
< it i definiicly known that the north-
Jong the Last Clinhee fault, which has
-west cowse.  The highest exposures
< fault, 2L nbout 9400 feot, nd the
wot extend muach beyond this poin,
<hales and sandstones ure cxposed at
me elevation in the dmw beloiv the
mine.

scoisT,

—'The remaining rocks of proluble
we may be termed schists, since they
or less distinet foliated stracture, not
Al bedding, but superindueed by met-
Tn these schists the
may be made out in gome eoses by
the chamcter of adincent bamdg, and
mre the foliatien iz genem!ly, though
paratlel. The direction of foliatiun
v greatly from cast and west, und iis
aely vertieal wherever observel.

- are dense bluish-grmy rocks, the foli-
aansad by the armngenent of very
lez of biotite and netinalite, not recog-
«o amaided eve. A delinie Inster i
w planes of ensier fractarve, butghe
never very highly developal aml the
renk readily across the structure with
sinlut fracture.

dnees the rock has quite elenrly the
»mashed product, apparendy devived
v in which there were phenaerysts
Hlaldspur, There is a slight develop-
axdine in such rocks.

genern! pamllel m

wneer wivess.

o thean sehisis, in

Yot Cortiteel Tpegees e 1R en Jhene frasieegs

mation deserving recoguition oceurs hietween the
quartzites and the Devonian limestone.  This
intermadiate formation consisty, us known in ‘he
Animas Valley, of thin-beddad fimestones and
caleareony shales with varying amounts of thin
quartzites, the whole less than 100 fuat in thick-
ness. Frgmments of fish senles and bones lave been
found in these beds ond althongh e fow gpocifi-
catly doterminable forms have vet been obtainad, it
s considered probable by D, G R. Enstoum, who
haus studied them, that these forsils ure jdentical or
closely related 10 fish remaing occurzing in the Cats-
kill furmation of the wpper Devanian, in Penn-
svlvania.  In the Silverton {olio the fish-bearing
series of beds was named the Elbert formation.
The olwervitions made at"Rico do not indiente the
presence of the Elbert buabs at that loeality, bat it
is paszible that the limitel exposures mnd the more
ar less metamorphosed condition of the vocks nmny
have hindered recozpition of the  characteristic
feazures of this formation,

The lowest lithologie division of the Paleozeic
section in the Antmas Valley i3 made up of quartz-
ites, amd varies in thickness from o few feet np
to 200 feet. A single fossil shedi, determined by
Charles 1. Walcott ag Obolus sp.? aud resewbling
certain Upper Combrian species, has heen found in
these quartzites, and therefore it seans at present
Best i0 vefer the formation to the apper or Sarn-
togan series of the Cambein, In the Silverton
folio this was named the Tgnacio formation, from
jts acenrerence near the Ignacio Lakes in the Fngi-
neer Mountain guadeangte.

The Iynacia beds at Rico—The quartzites here
provisionally referred 0 the Tgmacio  furmation
may b seen i the bed of the Delores River just
abinve Rieo and along the west hank of the stream.
These stata dip at an angle of 0 few degrees south-
ward, passing under the mineralized Thaestone of
the Atlnatie Coble elaim.  They were encountered
heneath that limestone in the bore hole sunk on
the chim mentionad. It s prolable dmt the
gquartzites vench o thickoess of at least 200 feet.

This Tasal quourtzite b5 2 massive rork, very
dense sl highly dudurted. Tte colom are dull
yellow-white with ned and brown stains.  Thewe is
a slighi varktion b g, the sz of e fimation
being fairly homogencons. The stmtifiention is
sometimes disvernible, thoongh wsaally obseured
by Jointing and vifting, The formation is nol
clearly distinguisfuhie from the Almonkian quarte-
fte exeept by its more regiber bedding and by the
eonformable attitude which it bens 1o the over-

Iving Paleomic rocks,
Oceurvener~"1he st eleardy definel quartz-

Thowa ol (e fernennter Baprentlope vumennee Soe abe w02l e

of Devonian age. ;
that the whole Hmestone complex in guestion m _ ¥
be of Devonian age, but ag will Le shown, it hzi T
been proved that an indefinite but subordinate pgl: 0N
of the most prominent limesione lalge of -t
Oury is Mississippian. Since it is imposibleR)
dmw a line between the two portions, the Ounfy
bueomes # Hitholomie unit tansgressing the fay

oue gystng,
General litholayic chavacter.—The Ouray foris
mation ns ar present known has u thickness m:‘yg!
ing from 100 to 300 feet.  The upper and majfe,
part of the furmation iz massive limestone, cithg7%
in one bed or with yuch thin intercalated shalg?,
that the ability of the Hinestone to resist crosionTd

layers have a wavy bedding, smine are arenaceowy
or carlhy, nnd b chert eonerctions, free frifa
5, e conumon at o horizen near the h:_['gfgv,
The lowest stratum is elincterizad usually b
erinoid stems amd woely o enp cornl :

fons

et limestone, but poriions of the upper ledge i’}
coumsely eryatulline.  In genewml, the veck is ne
white, straw vellow, or bl with Juwl pinkig
tones. Some of the lower beds are strongly ¥
jow and these are ermmonly more or Jess san

¥,
A
The Carboniferous portion of the Oumiy is lidjg e
Togieully indistingnishable from the Devonian, 3§
Fawpas and eorvelativn—"The Devonian inve2H
tebrate fruna of the Oumy oceurs from near theg
base to a hovizon which in many places is not @i
below ihe top of the npper, mmssive lalge. T‘b«.
greater number of specics ocenr in this uppa}
horizon, but many of them mnge tn \\'iihinf'
fow feet of the base. 5
Tire Mississippian foma has been fonnd at’ sex:
el dities in the Aninas Vadley in coars
crvstalline beds near the top of e formation.
Fassils Tave not heen fonnd m Rico, but baygz
been ohiained st Oy and at severa] loeali (i’,
au the southern slope of the San Juan, ixwluéi({;&j«'.
thut where Fndlich fist fond o few chnmc'.el;;}ﬁ"_\
i=tie Devonian spevies, B 1
The invertebmte fauna of the Devonian |-orli5?5:;~
of the Onrmy Tas heen fully deseribed by G, HAE
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cortably sk te eiztes sk otler pre-Ciinbwzin
weks. bo the Silverton folio the quartzites, slates,
weed conglomerntes of this ancient compdex were
alled the Uncompahgre formation.  The Uncom-
wre quurtziles and slates are underlain in the
Neele Mountaing by u thick conglemerate callind
the Vallecilo formation,  “The Vulleeito and the
Uncomgridigne together constitute the Nosdle Monn-

win group, according 1o the somenchatnre pro-
posed inthe Newdle Mountains folio,

URGCOMPARTGRR PORMATINON,

Characler~The Algonkian rocks, very jmper-
fietly exposd at Rim, consist. of quartzites and
quartzitic sehists hearing small mmounts of mien.
Fhe quartzites ave found anly i the valley of Sil-
ver Creek, o small apthrast Gkt blocks, and are
not digtinguishable in chameter from other massive
aunrtzites, 1o he deseribed later, which are supposed
1o be ol Cambrian 'u;;c; but the vigible thickness
el the straetuesd attitude of the Algonkian rocks
mke it impossible o refer them to the thin Cam-
brinn formation of this region. They are white
o tigged with i, with oicasional red or rasty
tands, They wre composed  almost entiecly  of
quartz, occorring usually in small, even-gmined
particles, bat sometimes in the furin of pebbles
The rock is com-
petely indarmtad by the interstitinl depasition of
quartz, so that it is now ghisey quartzite, very
vesistond, fo esgion, Distined, partings helween the

bess than an bnch in dismeter.

buads of uartzite nre nowhere ohseevable in present
expasures.  However, the bedding or stintification
planes amy frequenily be meole ont from a stody
of the muassive quartzites, where differences of griin
ure found or where cross-hedding is observable.
Ripple-nrked suefiees are also oceasionally seen,

Ocenrrenee—~"here are six separate aveans of
auartzite in the valley of Silver Creek, and of
these gne, that below Allyn Cinlich, is t:\:rluin'ly
Algonkinn, as must he inferred from ity great
o omother, on the opposite sile of Silver
Creck, s probabily of that age; while the others
have beew assigned to the Padeaznie

Tu the place
lirst mentioned the quurtzites have their greatest
development, They are boumded on the eost by a
well-marked fimlt, shown in the Laxy mine; thence
towand the southwest they may be tmewl for a
quarter-of a mile ulonyg the hillside, on the slope of
which their oulcrops nre to be seen between the

W bt caisal BY e aeeiieiment ol very
minnte particles of biotite and actinolite, not recog-
nizable to the unnided eve. A delieate luster is
vigible on the planes of easier fructure, but the
schistosity is never very highly developed ad the
rocks often breek rendily weross the stracture with
ulmost conchoidal fracture. '

ln a few places the rock has quite clearly the
charmcter of a mashed prsdact, apparently derived
from i porpliyry inowhich there were phenoervsis
of quartz and feldspar, There is n glight develop-
went of tourmaline in sueh rocks.

Intruded into these schists, in generl | amllcd to
the stracture, but somnelimes crosseutting, are many
thin dikes of adafk porphyritic rock. These ave
promineat on both sidis of the river, but have ant,
been funnd in the Algonkian quactzites nor in any
other rock than the schists: henee they nre sup-
posed o be very old intrusions, independent of the
other eruptions of the region.  This iden is sub-
stantinted by the mashing of some of the dikes.
Stont prisms of lornblende are the only promni-
nent erysials of the rock.  There is alko much
sevondary hornblende and epidote vevenled by the
miroscope. The former subordinaie (ehbsymthic
constituenl is so much crughed and aliered that the
original chameter can not be determined.  Plagio-
cluse waz protmbly predominant over orthaclse.

Oceurrence.—The Algonkian schisis aecur only
in the Dolores Valley just above Rico in small
npthraat sl blocks, snd the steueture about them
is so complicated, oy shown by the specinl shet,
that the relations of the schists to the Algonkian
quartzites nnd of the latter to small ‘nreas of Paleo-
zoic quartzites have uot been satigfuctorily demon-
struted in all eages. ’

CAMBRIAN (7) Sv&TEM,
.
IUNACIO QUARTZITR.

Iotroductory stalement—"The lowest wmember of
the Puleozoic suction digpluyed in the Rico Moun-
ting is a quartzite which was grouped with the
overlying limestone in the Rico report, both being
veferred to the Devonian, though with n reserva-
tion as to the quarizite, since it -was recognized
that that formation might Le much older than the
limestone.  Recent investigntions in the quadran-
gles lying east of the Rico have shown not only
tat the quartzites are probably of Sarstogan
(Gpper Cambrian) age, but that another thin for-
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This hosal quartzite i o massive rock, very
dense ol highly indunied. Tig eolors ave dull
yelow-white with ved and brown stains,  “I'lere is
a glight variation in grain, the mass of the formation
Leing fairly homogeneans.  The stmtifieation s
somctinies  diszernible, thongh usinlly  obscured
by jointing and rifting. The foreation is not
clenrly distingnizhable from the Algonkian quartz-
e axeept by itz more vegube bedding and by the
cottformable attitnde which it bears to the over-
lying Paleazoic rocks.

Oceurrence.—The maost cluirly defined” quartz-
ites of the Janacia furmatiaon ocenr in the valley of
the Dolores River, just north of 1lico and south of
the Smelter funlt, Covtnin ather guartzites, which
are associated with Algonkian schists on hoth sides
of the river near the Last Clunce funit, have also
heen refervud 1o this foration. Seill other quartze
ites, mapped as Devonisn on ihe spoecial map accom-
panying the Rico report, veenr in the valley of
Silver Creck.  These gquartzites seem to ocenr in
conformity with the Cavlumifurous rocks off New-
man LI 0 diey are Cambeim, however, the
absenee of e Devanian
must be explained.  Tu the Rivo report, to which
the remder must he referved for further discussion
nf this question, it was msswmed that the Devoninn
limestone had been removed by erosion at this
point hefure the deposition of the Hermosa (Car-
boniferous). :

Nimestone above thean

DEVUNO-CARBONTFERUUS BOCKRS,
OURAY LIMRSTONK,

Name and definition.—The presence of Devo-
nian strta in southwestern  Colormdo was first
recoguized in 1874, through collections of fossils
wade by F. M. Endlich, of the Hayden Survey, on
the southern slopes of the Newlle Mountuing,
Uhe name Ouray limestone was proposed by AL C
Bpencer, in 1000, nfier the strata had been reex-
amined in conneetion with the U. 8. Geolagival
Survey work, from the town of Ouray, on the
southern border of which is a prominent ountcrop
of the limestone.

The name was' proposed by Spencer for the
Devoninn limestone member of the pre-Carbon-
iferous  Paleozoic, excluding the quartzites and
shales here allud the Tgnacio und Elbert forma-
tions, although they were thought to e possibly

I L O L TR T P DI
horizon, hat wany of them mnge to within a
few feet of the Lase,

The .\Iiﬂsi‘s&:ippi:m favna liag been found ot sev-
cral localities in the Animas Valley in comzely
erystalline beds nenr the top of 1he farmation,

Fossils have not Leen found at. 1ieo, but have
been ohtained at. Quray wmd at several localities
on the soutlern slope of the San Juan, including
that where Fadlich fiest fonnd o fow clowaeter-
istic Devonian spcics.

The invertelmute finnn of the Devonian portion
of the Qumy hug heen fully deseribed by G4
Girty, and comparel with similar fonag hitherto
evllectind in Colomde, bt ot reeognizad as dis-
tinet from the foring of the Mississippian,  1¢ iy
represented more or less fully in older collectiuns
from the Flk Mountaing, at Glenwood Springs on
Cirnnd River, nene the howd of White River, s
on ast Monarch Monmtain, Chaflee County.  FFall
correlations of the sections in these loalities with
that of the Sun Juan region ean not. be made,
however, amtil further exmininations have been
varried out. Concerning the fauna Mr, Gliety

writes;

To generad the Devonian fauna of the Quruy Lelongs
to late middle or, more prolably, to upper llevoninn
tise, 1L i3 but distantly  redated (o the Devonian
fuunus of New York, and s relation with those of the
Mississippi Valley, or even with other kuown western
Devonian fuuuas, is not cloze. Tt shows many points of
approximation te the Mbulmsen fonn deseviliol hy
Whitenves, sl ix somewhal steikingly shwilae to the
Devoniun of Russia,

The following numeld species are particularly
characteristic of the Devonian  portion of the

Ouny fauna:

s G terchin Endiiei,
Caranrutweliin evntencin ?

Schuchertella Cl
'roctuctelln sensiplobosy
Athyels Colorndoenaia, Natlcopain? honilis,
Kjddrifer enniculun, Lrthoterna s,
Spirifer disjunctus var, Anbnscnsin,

As 1o the Missizsippian faunn of the Owiny
limestone Mr. Girty wakes the following state-
ment :

The funna which at one time ogcupled the higher bola
of the Ouray limestone i very different, from (he assem-
Llage of Decoulan types which acenrs below, nnd helangn
to & phase of Carboniferous life which was widely dis-
tribwted over the conlingulal gea, [t is found in the
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cuses the preservation of the mountaing 18 regions
of high topogmphic selicl is die o the presenee
of igneous vouks which have been more registant
to erosion ilan the swdiments wonhl have boen
wdone. The intrusions are in the form of stocks,
dikes, and sheets. To the latier, whiclh way in
some enses have sufficient thickeess 10 be of the
type known as laccoliths, o cortain amount of the
obiserved deformation of the simtified rocks i= cor-
tainly due. Tu the La Pl Monataing the mass
of tntruded matter of this nature shown in the
hovizons exposal i3 comparbie to the deforina-
tion which they have -sufiered over st above
that affeciing  the which are
covered mnd therefore bevomd observation; so that
if the porphyry inclidued in the hidden sirata
shoubd biear the sume proportion to the sedimen-
tary rocks as in the observesd section, the doming
should be acconnted for without additiona) wplift.
At Rieo the structure and make-up of the “dame
is el better exhibiiod, andd though the theory
that the ohserved struciure might be due do o hage
Iaceolith lying hetween the Abgonkinn nnd Tuleo-
zoic rocks wias nt one time entertuinal axoa work-
ing hypothesig, it is now known that such a mass
of igneous rock dous ot exist, and that the amount
of deformation which the nppermost stmta of the
rogion wnderwent was several tines in exeess of the
amount. of igneons maierinl which was inirndad
into the strata below them; that iz, the formation
of ihe Wico dowe i3 mainly due to o centead uplift-

fower fornmations,

ing force, apmt from any actual intrisions of L on Whiteap Mow

liguid rock wterinl, That such o force was nlso
active in the La Platn uplift may well he believed,
far there, 25 at Rico, the thickest lecoliths or sills
ovenpy o zone, 50 fir as the rovkz now remaining

ure able to ghow, at a distance from (he center of

the dome, and it is on these peripheml intru-
sioug that the csiimate of the sulliciency of the:
porphyries to produce the olvs(-x ved structure was
bused.

THE 1iCw MOUNTALNS,

Ti hins alrendy been pointed ont that there are
three untural topogmphical and geslogienl divi-
sions of the Ricy quantrangle, viz, the Rico Moun-
tains, the Dolores Phdean, and the main Dolores
Valiey, 'Fhe fornmtions of the qundrngle and
the general geologic structuwre determining their
atiitnde and  distribation having been diseussed,
it docs nol seam necessiry 1o give further deserip-
tive details concerning the platean and valley
arcas, the geology of which is very simple. liut
the Rico Mountaing are w0 eomples in siructure,
igneous phenmaenit, and  other respects that s
résumé of their prominent fentures is desimble.

The Nieo Mountsins have been corved out of
the doma! uplift of severul elements, already
deseribed. Natumlly the peaks exhibit most
ciearly the formmtions taking puvt in the dome
and their stroeture, while the devp disection by
the Dolores and itz Limnches displays the fea-
tures of the vore of the uplift. The exhibition
of the laiier geologic deinil is, however, greatly
obscured by the superficial Jamdslide materials,
which assume u posizion of wueh Toeul inportince.

TitE CIUCLE OF PIARS

The main summits of the Rico group armnge
themselves in harmony with the dorml steueture
in 2 cireular vone.  They are remsrkably uniform
in height, it dozen peuks execeding 12,000 o in
clevation, while the highest,
12,677 feet, or 4000 fuet aliove the river at Rico.
The Deoloves River stivides the gronp into two
nearly eyual erescents.

FASTHRILY stiMMITS,

Munnteing south of Silver Crect—While nearly
all the peaks of the Riea group exhibit many
charscteristie features of the locl geslegy, those
e amuEt edes

Thackbawk, is but |

stopes of Dalives Monntin seen in the cental
part of the view, and By wamny lines o the highcr
suomnily, dne to stmtifeation or to interealated
sheets of porphyry.

T'hu higher portions of
the ved Cutler or Dol

all these peaks consist of
stran with sharply con-
trnsting grovis<h porpheries. xvellent acctions of
paris of the Chtler are fo he found in scvawl
plices, one on the slope of Whiteeap Mountain

seetion of the Doloves very wear the summii
of Dlackhawk Pak shows the projecied hovizon
of the Lo Plia sondstone to be but o few hun-
drad fost above that meuntain,

The infinence of fuiung is
this ilustmtion, vet the mugnitude of
placement on the Biackinawk fanlt is really shown,
for the prominent limestone Land of 1he Dolores
Mowntain slope is droppal on that fiult 1o 2 level
oo dow to permiit its appearing, within the fichl of
this view on the frther side off Allyn Guleh,

The funhs of this and are clearly shown in
many  phices by their disloeaiion of porplyry
sheets, It the grasse or timbered slopes seen in
fig. 1 often hinder a conneeteld tracing ou of
Psome of them. The syplitting of the ]u.uklm\vk
' ault and the grudual decrense of dislocition are
! plainly visible on the slopes of Dlackliuwk Deak.

It may be seen from dig. 1 how well the oocur-
Prence of intrusive porphyry nmsses s exhibited
voand the murow divide

at the hend of Deadwood Guleh,  Theve arve
lnnmcmns other poimz at which these relations
Jean he seen 1o advininge
pthe high northern spur of  Dlackbawk  Peak
i where o large sheet mukes eliffs several handral
fret Digh, slowen in fig, 1. This mass exiends
around the heud of Sibver Crovk, vovering a large
Prurfaee, as shown in part by the spcunl map.

e crossantting relcions of these porphyries,
e.m they pasy more or less obliguely from one
{ liorizon 1o another, nre very plainly indicated.

It the Rico report may be found several views
which will ussist the reader in comprehending the
clmueter of this poriion of the mountiins, e

a0t self-evident in
the

; Blaekluwk Peak.
Telescope Monutain and vicivity~The norih-
astern quadinat of the Rico Mountaing is co-
Dpamtively simple in is gevlogic struciure and
i possesses at ome mommtain summit of  proi-
i nence—Telescope Mountain,  The Cutler rerd beds
| here nssuine akmost exvlusive surfuce importance,
§ through thir daplicazion by the Telescope Moun-
fuin fl. They are overlain Ly
Vformmijon w2 chort distance enst of the nrea
covered by the special map. The high divide
running wgulaely enst from Telescope Moun-
tain, which forms the waterghed beiween the
head of the Delores River and Termosa Creek,
pa linneh of the Aunimas River, hag anany high

P ormations muy be suudied

The Rico and upper Hermosa beds form a
seep facing the Iandsiide area of C. JL C. Ik
on the norlln\c.’t ridee from Toleseope Mountuin
as shown in fiw. . The gcncr:l stracteve of the
mountain may also be seen in this view fram expo-
st et the sumit
i The minor funltz af this regien nre conspicuous
through dizlueation of porphiyry sheets, while the
lnrgest fanlt of the mountaing is seaveely ideniiii-
' uble on tie gronnd.

The porphrry fncusions of this seetion of the
» Rico Mounzins me less in nmnber aud magniinde
s than in any ather pur, Iedug limited 1o a few thin
sheets and dikes y l'm'ur bl of tie Dolores
1 furnation. Iiis w
lasendith ovenss |u=l above the Dakota sand- |
e dwevonned the noribeast cor-

stone nluni ol

ner of the

buing shown in the fignre. The presence of .al
thin limestone congloemte of the fussiiiferous

One of these is on !

vof tlese views presenis the country lying enst of

ihe Dolores |

, points aliove timher dine in which the seveml!®

;
.
I

the swmanit
nres Y'L‘l"'\%‘l:“l
tury exhibite
At the uppat
the
dence of e
may be foun
MOVEINenE
vincing evids
.

tract.

Tandsinde

sied thnln

Many s,
northern shoj
Blovks have
il e
avalanche dél

Monntains
strucite of 1
tary beds o
shown in the
Mountain th
wird  neross
attitiude of 1
in the view o
higher point
nlluelrmnn &t
treeons ) forn
from Eiliot.
tuins exkibil

Elioti A
other peaks .
cotorad L 1Y
the vapping

Tha fuw o
of system 1
produces 1
topography.

The porpl
intrusive rel
is fairly weli
tain, the ren
beneath ihe
present acre
There are u
forking or .
clearly exhit

1n one of
imperfectiy
of the priu
phyry is b
sending off
is full af o)
man ';' ansa
n:m.l_\' ther
and inoadd
are obsrure
and wish, »
in some e
conditions,
whichi tu 50

Lagle 1°
Mountains
Faigle Peuk
distrilinidon
fore presen
strugiuml
ing pari in
peak along
opportnniL
.\I(‘l‘:!mu, i
the change
Jolores P’k

Culive 1
l[\f the dwe
of Horse €.
Pk, Th

s of nute, hawever, tait 2 ! boen alme-

kading, ane
oxidation

@ veriad iy The - spvial g, on "xl:,.m-] velimg




13

9

e i the centrul
lines in the higher
or to intorealated

<e peaks consist. of
with sharply eon-
wellent geetions of
found in severnl
hitecap Mountain
e presenee of a
* the fossiliferons
near  the summit
projected horizon
o but o few hun-

at self-evident in
itde of the dis-
It is really shown,
ul of the Dolores
ab fandt o a level
vithin the ficld of
vty Guleh, |

~learly shown in
‘- of  porphyry
ol slopes seen in
A trmeing ant of
' the Blackhawk
f dislocation are
Blacklmwk Penk,
x well the occur-
ssex 33 exhibited
vomerow  divide
theh. There are
I there relations

cof these 13 on
Bakhawk  Pesk, !
severn! hundred |
=omusy exiends
. vuvering a large
he special o,
hese porphyries,
auely from one
Iy indicsted.

ol severnl viaws
aprehending the
TS (')uca
rv Iving east of

. —"The north-

the smmmit of Teleseape Mountnin,  The entive
aren yepresented on the mnp ns badshide terri-
tory exhibits the chamcieristic iopogrmphic Jetuil.
At the upper limit ad on the southern border of
the hndslide vact seen in the view there is evi-
dence of recent movement.  In the Rien report
may he” found a picture of a tree split in two by
movement how in progress, and even more con-
vincing evidence is exhibited in the ernshed or
twisted timbers of mine workings thraughout the
trnct.

. Muny smnll Fadslides have ovenrred on the
northern slope of Teleseope Mounwin, Imt the
blacks have broken up thoroughly in their full
and can semvely be distinguizhed from ondinary
avalunehe diébriz,

WESTENY SUMMITS.

Mouniarns north of Horse Gulch —"The Jomnl
steneture of the Rico Mountaing, cansing sedimen-
tary beds to dip away from the center, is well
shown in the high ridge lesding from Sambstone
Mountain through Elliott Mountain and north-
ward across the quudrangle line.  The generd
attitde of the strata on thig line iz represented
in the view of Sandstone Mounntain and the nest
higher point on this ridge, forming fiz. 2 of the
Hustration sheer.  The Jumssic and Dakotn (Cre-
taceons) formations on the divides lemding ontwad
from Elhort, Sockrider, nnd Jehnny Butl moun-
tuing exhihit the sme structure.

Elliott Mountain is conspicnous in contimst to
other peaks of the group by ruson of the light-
eolored La Plata sandstone, which forma elifis helow
the epping mass of porphyry.

The few fanks of this area tllustraic ihe lack
of svatem in these fmactures, and none of them

produces resubts very markel in the present
topogmphy.

The porphyries of this distries Hhustmte sevemt
intrusive relations of jnterest,
is fairly well shown in the mass of Ellioti Moun
trin, the remuang of whicli is over (00 feet thick
heneath the summit, while the porphyry 38 not
present acrose the saddle north “of the mennmin,
There are many sheet amd small dikes ol the
forking or vrosscuiting of some of these bolics is
clearly exhihited.

In one of the brunches of Horse Gulely 35 very

Thie Yaceolithic form

j springs which give ofl strong adors of. snlphwreted
hydrogen, near the buad of Btoner Cresk and on
Johany Boll Creck not far from Calico Pak. ,

The appewiunee of Culica Peak, with its talus
leeaps, less the vivid colors, is shown in PL VI of
the Rico report.

uchur and Erpeclation. motnluing.—Botween
the heads of Howse and Burnett gulches are iwo
high pezks, Anchor and Expectation mountains,
in whiel the crossentting and briehing of intru-
give porphyry sheet is exemplified in many places.
Indewd. 20 mumncrous are the visible forkings of the
porphyry masses here that the conclusion scems by
nouens far fetehad that ol the more or less irreg-
nlar masses shown by the map in the nerthwest-
southeast zone from Johmmy Ball Creek to heyond
Tandslip Mountain belong to one intrasion.  The
rocks are visibly different only in minor details of
fexhrre.

Pruka soutivieest of Burnell Gulch.—The south-
western sumuits of the Rieo gronp exhibit the
Cutler amd Dolores red bods in their normnl posi-
tion dipping away from the center of the dame.
On the ridge leading south from Storm Peak the
Tae Platw and Melmo formations :dre seen in
typieal development.  The porphiyry badies in
the rad beds have been referred to as prolubly
eminected with thase of Anchor Mountain,

Tl maost interesting loeul fezture of this section
is the Tandslide muss on the south slope of Lamd-
ship Mountain,  This otenrrence illustrales very
well the varions phases in the history of u Jund-
slide area, from the newly fullen blocks seen here
amdjacent to the summit of the mountain, throngh
the older, partinlly disintegrated mmsses ot the
middle slopes, to the forest-covensl débris near
the stromn below, where sinks and trenches siill
demonstrtie the existencee of slide masses.

Durling Ridye.—Detween Horse and Sulphur
gulehes is o high tmet eut almost in (two by the
hed of Tron Dimw,  Here ocenrs the bige stack
of grmmlar rack, quartzemonzonite, which sppears
110 have been one of the Biter ttrasions, if not the
(gt of the Rieo center. "T'he contaeti of this stock

are not well shown ag any poing, mainly on aceount

Vol the shattered condition of the monzonite nass,
bohich bas resplied inotalas or Joose hroken-rock
¢ piles, where larger bdslides have not taken place.
CThe metamorphosed condition of the selimentary

attains s com-imperfetle oxposal the ek o what ay Beoane toeks o vithes stde of e mzaite on Ieeline
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ek ot seem neeegsary 1o give further e

wve details eoncerning the platan aml valley
veag, the geolngy of which i3 very simple. But
he Riew Mountaing are so complex in glructure,
aneovs phenomenn, amd other nspeets that o
denmd ol their prowinent, fatures is desivable,
The Rico Mountaing lave heen caeved out of
he domad wplife of severnl cements, alrendy
leserihsl. Nafumbly  the  peaks exhibit wost
Adzrly the Fornmiions tuking part in the dome
el their structuve, while the deep disseetion by
he Dolores and its lnanches displays the fen-
wrei ol the eore of the wplift. The exhibiton
o the later geologic detail is, however, groatly
disenred by the superficisd Tandslide materinls,
whieh weanme 1 prsition of waeh logal importance,

TIE CIRCELE O IFEARS,

Riee group s
the dowmal steneture

The main® spnmits of the
themaglves in harmony with
ina cireulae 2ome. Th remarkably wniform
in height, n dozen peaks exceeding 12,000 feet in
clevating, while the highest, Blicklawk, s but
L2677 Gty or 4000 feet sdove the viver sl Rivo,
The Dolores River divides the group iuto two

m Il;;l M

RS

'l)('}ll'l)' !?(‘Il:l‘ creseents.

RASTERN SYMMITS,

Mowdaing gunth of Silver Creck.—While ncarly
all the. petks of the Rieo group exhibit many
clinractengtic featnres of the loenl geology, those
Iving to the south of Silver Creek ure most note-
warthy, beeause they show not only the dunal
stracture, but the coffeets of fiuhing and ignecus
intrusion, amd the sedimentary section is maore
cempletely displuyed than clsswhere, on acronnt
of the compartively insignificunt developiaent of
landalide nmsses. :
5 Fig. 1 illusteates many features of these penks
ag seen from the west side of the Dolores, looking
naarly due enst, “The prevalent dip 1o the south-
east is particularly brought out by certin mussive
El:'mes;((mcs of the upper Hermosn, whicl erass the
2 Ricu.

partively shuple i it geologic stractare wdof the peineipal centers of eruptie,

possesses bt one wonnlain smnmit of  promi-
nenve—Lelemope Mountain,  Fhe Cutler red beds
heve nsstme almost exelusive surface importinee,
through their duplieation by the Telewope Moun-
fault, “Lhey ave ovecliin by the Dolores
formation at a ehort distance cust of the area
covered by the speciad map. The ligh divide
sanning ireegnlarly enst from Teleseope Moun-
tain, which forms the watershed  between the
Liead of the Dolores River wil Farmosa Creel:,
a branch of the Animag River, has many high
points above timber line in, which the several

tuin

formations may be shwhied.

The Rico and upper Hermesa beds form a
senep fiwing the dslide aven of C. 1L C. BN
on the northwest ridge from Teleseope Momntain
ax shown in fig. 5. The generul simcture of the
monntin nay 1130 he seen in this view (vom expo-
sures near the sumuit,

Pl minor fanlts of this region are conspicunus
through dislecation of porphyry sheets, while the
largest fundt of the mountuing is scurcely identili-
alile o the rouned,

The porphyry intrusions of this section ol the
Rico Mowntaing are 1oss in number and magnitide
than in sy other gty being lbnited 1o a few thin
shets ) dikes in the upper half of the Dolores
formation. It is worthy of noie, howevey, that a
targe laveolith ocenrs just above the Dakota sand-
stone abont one-hatl wile hevond the northeast cor-
ner of the aren covered by the spevint map, on the
favther side of Larlow Creck. Fhis masy is the
tlattop laveolith, o portion of which i siteated in
the Telluride quadrmgle. 1t is not clear that this
Inrge intrasion has aetunl genctic vonucetion with
the Rico center, ng will be explained in the discus-
giom of the intrusions wnder * Geological history.”

The Jandslide phenowena of Telawape Moun-
tin proper are so clearly exhibited in fig. 5 as 10
vequire litle fuether comment. “The wetual hemd
of the slide aren is on the ridge lending southwest
to Nigger Baby Hill and less than 500 feet below

i e
Phyey s here seen to cut across the sediments,
sending oft namerons dikes amd thin shedts. It
is full of apparent inclusions and i3 penetitul by
nany angular acms of the wall wek.  Unfortn-
mately there hag been great decomposition here
and in addition the extremely complex reltions
are obscured to a large extent by soil, furvst growil,
mnd wash, so that the vepresentation of the nap is
in some degree diagrammmatic.  In spite of these
conditions, this locality is nn execllent one i
which to study complexs inbrusive relations.

Fagle $Peak.~The westerumost of the Riso
Mountaing exceeding 12,000 fect in clevation is
Uagle Peak. 1t Hes heyond the line himiting the
disteibution of vizible porphyry masses and there-
fore pregents in least distorted form the simpde
structural velations of the sedimentary rocks tak-
ing paet in the donml stracture. Passing from the
prak nlong the ridge to the west one las exeellent
opportunity 10 examine gections of the La Plata,
Melllmog, and Dukota formations and to observe
the change from the donal structure (o that of the
Dulares Platean.

Calico Perk 1l vuricgmied coloring exhibitel
by the decompused rock of this summmit at the Leml
of Hurge Gulch hus b o the corvent nuine Calico
Penk. The origivml porphyrey of this peak has
been alinost completely altered toa mass of alnnite,
kaolin, und quariz, impregnated with pyrite, the
oxidimion of which hus produced the vivid rel
and yellow colors now xo striking.  Apparently
the rock occurs as a small stock, alithough its
contacts are concenled by talug or slide. 1t is
supposed  that the reck was similae 10 the por-
phyry of large orthoclise phenoerysts, of which
a long dike crosses the slope of Johuny Bull
Mountain, and which occurs only in this vicinity.

The formation of whunite is refermble 0 sul-
phurous emanations, cither dircctly by gases or
indircatly  through  waters which have ulgorhed
gaser,  Thut such activity hins been  specinlly
marked in this vicinity is shown by existing

BBz 15 58Py WAHLTEe vt sl i Pibeaaaten s e
the contact.

Although the monzonite body is Tage amd such
magsive rocks usunlly conge rugred topogrmphy,
such is not here the crse. This fiet ig probaldy
due tu the theroughly shatterad condition of the
stock, leading to rupid destruction of prominsnces
Uy frost.  The large number of small knobs and
knollg, often with pinnaclad spurs or summitg,
situatetl on the narth side of Larling Ridge, are
plinly separated by zones of fructure and bra-
cintion wnd are themselves crumbling 1o picees
frost action. The assignment of tlwse
kuolls to the hunslide area will be discussedd in
the next seetion of the test.

wmiler

TUE INNER SLOPES OF THE MOUNTAINS

From the preceding deseription of the damal
stractive of the Nico Mountuing aud of the virele
of prominent peaks it will he plain o the veader
thut the onter slopes of the mountain group exhibit
stple stroctnral relations of sedimentary fira-
tiong aud (hat igneous nusses are few. 1 does not
seem necessary, terefure, to give further deserip-
tions of the peripheral portion of the Rico dome.
T the Dieart of the momaing, where the strnctormt
compluxities are grest, where severnl formations
ot oevarring elsewhere in the quadimngle have
I revealed by the deep erosion of the Daliyes
amd its tribatavies, and  where wany intrugive
Lalies appear, the wse is quite different,  Here,
ligwever, the phenomena of loal imterest are g0
numerous that the reader must be referred 10 the
Rico report, for the greater part of the detail; the
present deseriptions will be confined 10 certain of
the larger features of importance. In fuet, it is
not the fundamentnl relitions of the fornmtions,
but mther the way in which these relutions have
been obscured, whick will receive wost attention.

LASDSLIDR ARRAS OF LIORSE OULAN.

The nap and figs. %, 5, snd 6 of the illustmtion
sheet show how completely the normul structure
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apparently xplits into two or wore small shews
befure crosging the viver, amd many other irvegn-
larities may well be aysumed o exist.

That this Inrge porpbyry body i in the uain
of lacvalithic charcter is Turther inlicted by the
limited exposure of itx buse in the workings of the
South Park mine in Silver Guleh,  Several very
stadl dikes or shects of porphery lave heen
cucountercd in the mines of Newman Hill.

GECLOGIGAL HISTORY.

PRESTRETIARY EVENTS,

Intreductory.—"the visible recurd of pre-Ter-
tiary cvents in the geologic developmeni of this
area lies wholly ju the sedimentary formations
and  theiv stratigmphic relations.,
cusston of the forationy alrendy given it appamx
that the section is nearly like that much betier

From the dis-

exposul, in its lower portions at least, in the Anic -

mas Valley.  No nmrked doenl charmeteristic hns
been observed in the Rico fornations of pre-Tor-
tiary age, so that the course of cvenis here van
only Le assumed to have been that of the sur-
rounding provinee, an outline of which has been
presentud in the ‘Felluride snd Silveron fulios,
For the present folio it is considerad suflicient 10
vefer very briefiy 10 the history preceding the con-
tinental uplift of the whole sedimentary seetion, in
post-Larmic time,

Pre-l'wleazoic ern.—VFrom the sty of the
Needle Monnwing and the Animas Canyon sov-
tions it sppenrs that the oldest vocks of this region
are certain gneisses and sehi
Archean age.  The next younger series of rocks
vonsists lurgely of igneous nnterial, greatiy met-
amorphosed  and  associnted  with some  distinet
seddiments. Vollowing the acamnmiation of this
complex came  long  perivd of sedimentitivn
during which the Uncompahgre group of con-
glomerates, sandstones, mud shales was deposited,

, suppased 1o be of

11

ones, n lamd surfice near sea level, beenuse the
werval wis nowhuere suflicient to

crosion of the in
\\'lml'ly remove the OUnmy lmistone at any paint
¢ ubserved gu the suuthern slogus of the S Juaa
Pregion, Az suntid inoa preceding section the
i abgence of the Qumyg limestone in the valley of
- Sitver Creek, nar Rive, is supposad to be due to
crosion of this intervad,
Conly point adiacent 10 the San Juan Meuntins
ias yet found where the Qumy is lacking at ita
i:l]»prnprinu- phice in the seetion. Tt may be time
i\hc wren of grentest elevation wnd congequent ero-
i:3i\.n!, of the time in ruestion, was west of the Sun
»Juan aren, in what is new the platean distriet.

! The Pennsvlvanian swlimentation was of very
different elmmgier from any thai prceded it in the
!;cm-ml uret of southwestern Colomdo, A long-
! continmnal oscillaiory movenent of the carth's crust
Lesused frequent reenreence of couditions faverable
S0 the depnsition of limestoms, shales, and sand-
vatones, forming the complex ealled the Hermosa
| formation.  Without visible Dieak the Hermoss
" beds grade into thuse of the Rico {Jermo-Penu-
svlvanian) aml those into the overlying Cutler
red beds, here assigued to the Perminn.

The clunneter of the Cutler formution is in gen-
wimd mueh like that of the lower poriion of the
“Red Beds™ in many oiher places where no sirnt-
igmphic break separates them from stmta, gontain-
ing a Pennsylvanian faunn. The fict that a break
is now known i exist above the Cutler beds von-
ders it impossible to agsume that tie Paleozoic see-
tion of the Sun Juan yegion is complete.  There
may have been deposited in this disirict a consid-
erable thickness of Permian st now entirely
absent, owing 1o the pre-Dolores erogion,

Pre-Lolvres wplift. amd erosion.—The angular
uncemformity at Oursy letween the Dolores and

older fornutions testifies to important uplift uffect-
i ing the cutive known Daleozoic section. The
tgeographic cxient of this uplift remains o be

in marked unconformity with the siructures of { determined. | The Cutier beds were sharply folded

older formations.

While the sequence of events i3 not wholly
clear, it secms probuble that_grent folling, fuuh-
ing, aud wetunarphisin of all the vocks as yat
referred to was the next grent step in the hisiory
of the region.  The gheisses and sehisix are pene-
trated by a Luoge numler of gmite masses, one
known fmportant body o gabibro, wnd nemy
small dikes of  dinlumie rocks.
rocks eut the Uncompahgre strta, and the com-
paratively wnaltered textural condition of these
intragives wppens o indieate that they wre ol
nter {han the tme of the above-mentioned foll-
ing o which the Algonkian sediments were suh-
jected.

The prosence of oceasional fragments of grnite
or schist in the igneons intrusives of the Rieo or
La Plita monnuing shows that these sone old
formations exist benentls later rocks in the country
west of the Animus.

Laleozoie listory.—Tiefore the aoliest Paleozaic
sediments of the region were deposited there wa
periol of cnormons crosion which appears te have
affccted the sonthern Rocky Mountain province
and probably large wress of contiguons connisy,
A pencplain of wnrked charmeter was produced,
which, on sinking beneath the Jnter Cambrinn
set, beenme the floor for the deposition of the
Tgnacio quarizite. 16 that formation is of Sam-
togan {Upper Camnbrinn) age, as now believad, it
iy reasonable 1o veler this grent erosion to ecardier
Camhrinn time.

As will be clear from the deseripiion of ihe Pale-
ozaic furmations, the epochs of sudimentaiion dur-
ing the Ordevician, Stturian, amd Devinian pericds
miast have been abmos insignificant compared with
the infervals of nowldeposition.
ever, wore ceviainly not times of continenial upliny
inn ahove se doved, in s prses

trany weeat oh

Sume of these

The Jatier, hiow-"'

‘ in the Qumy district, but apparently the region
L of maximum distarbanee ly to the north and east
L of the Sun Juan, since on the south and west no
i relations of mawrked wnconformity exist hetween
j the Dolores and Cutler formadions.
; The epuch of uplift and conscquent crosion
under discussion wag followed by the deposition
cof the fussitiferous Dolores strata, but until the
horizon within the Trinssic sysiam represented by
those beds has been determined it is premaiure to
assign the orogeaic movement to late Paleozoic
niher than to endy Mesozoic time,

Aesowwie history—lividence thut the Dolores
formation is of Trinssic age has heen given.  In
the upper Dolores Valley, as in ihe San Miguel 10
the north and the Animas to the east, the Trinssic
steata are overlain with apparent conformity by the
1 Plata furmation, yet on the northern side of the
1 San Juan the La Plata tinsgresses the edges of
older sixlitnents aml in places rests on the Archean,
dumnonstimting tiat 1 perind of comtinental uplift.
wnd great crosion intervenad bewween the Dolores
and La Plata epochs.  Similar relutions are known
clsewhere in Colorado.

Whatever detision - may ultimately beereached
as 1o the relations of the Guunison group as o
whole, it ix true that the upper of the assumed
Jumssie  formaiions, the Mcllhno, bears such
strong litholagic resemblance, in some of its
upper sandstone members, to the Dakota sund-
stone of the Cretaceous that it wonld be natumd
to ugsume that hoil forntions belong 1o one
cpoch of sodimenation, miher than that there
cwas o great stmtigraphic brnak hetween  them,
pinveleing the whole of Tower Cronecous time.

The Upper Crotucevus seetion forinerly present
in the Rivo region wis donbtless like thar which
Shas b mentioeed as peesent sonth of e Lo

Plate M ongains, Pl alivrnatian of shale gl

Thut is, however, the!
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wanse the { “Fhrough the Son Juan uplift » " .ee ares waw [ ters in 0 general way with sinilar oecurrences of
iicient 1o clevated fur above s level and has vever agnin  the San Juan ara. Porphyritie diorite, monzon-

wy poing
San Juan
wiion the
- valley of

!sunk below it
dation of the laud wron condnued until it was
reinced to o penepluin, possibly with o sl
mountainans island rising nhove it to which the

fw due to | Needie Mountains aren belongal.  The peneplain
avever, thelin gueation is that upom which the Telluride vone 1 to the geneml time sale. The stock eruptions of
Mountning ! glomerate (Focene?) rexts in the western San Joan ! the Telluride and Silverton aress ave huter than

fring at its
wy he that
rquent cro-
of the San
tistriet.

we 0f very
hiel it in the
. A lons-

1 and San Miguel mountuins,

Thut thiz pest-Taramic penepluin extended over

t the Rieo quadiangle is evident.  Thie nearest point
at which it can now he snen is beneath the ‘Tellu-
ride eonglomernte in Mount Wilsan, about 5 miles
north of the northesst corner of the Rico numl-

srngle, ot wn clevation of 12,000 feet.  In Sheep

Mountain, G§ miles 10 the northenst, the same hoi-

Eresion beeanre active and degm- { ite, or iamnite intrusiuns are known in the Tellu-

ride und Silverton quadmngics, and in some (nses
proof exiats thai they are later than snme of the
aurfare voleanics The epoch of intrusion is, how-
ever, not at all clearly determinable with reference

uny known lavas of thoese distrivia, wd as the
ieo nnd Ja Plata stocks cut the Irecolithic
intrngions of similar magmns, it omay  well be
that all eruptions of this type e be referrad 10
the smme epoeht in the tatter part of the Lertiary.
It hos been pointed ont that the Bico Mountnins
helong to the Juceolitlic group of the MHeury Muun-
taing 1ype, in spiie of loval structarl ftures not

sarth’s crust ; 200 is shown,  The general position of thiz plane | commonly suppaserl 10 exist in some 6f the sim-

us fuvarndle
. aud =and-
he Yiermesn
fie Hermosa
‘vrmo-"enn-
ving Cuiler
L8

an s in en-
astivn of the
ore no stntg-
mitn contain-
that o hreak
forr Tuads ren-
{*alenzoie see-
pleie. There

. in the Telturide quudmngde is represented mad its
' significunce is diseussed in ihe Telluride Tolio,

ilar centers of intrusion. These genem! considen-
tions ns 10 the time of the Rico intmsionz have
mdoubiwdly 8 bearing on the question us to the

N TERTIARY TERIOD.

No surfuce rocks of the Tertinry perind now
exiat in the Rico quudrangle, but it is neeessary
to refer to vocky of that nge which formerly cov-
ered the aven, in onler to discuss intelligantly the
history of the Rieq Mouniains.

ACCLUBLATION NP THE TRLIURINE ONNOLOMRNATH,

When the penepinin produeed by erosion fol-

awe of all the heenlithic zroups of the phienn
_provinee. The coucluzion reached here i3 in
necon) with that derived from the examinatiun
of the Pk Mountains, Colomde (ree Authumehte
Crested Butte folin).

VILIFT OF TR 111CO Dhowuk,

It wus hrought aut in deseribing the stracture of
the Hico dume that three elements enter ino its

lowing the post-Larmmic oplift lind  reached o
certain sge of development the lotnl eonditions
changed, so that & grest amonnt of débris from the

congtitution, nmnely, domal uplift by fobling,

, igncous intrusion, and falting,  Whather or not

1 these ore o) resslant phases of the netion of one

rici o eonsid-  ensuing further ermsion-af the adjacent monutain | great forve ixa question of far-rencliing impostancee,

wow entirely

tons,

luuux-u-n was ddepemite] upon it as u conglomene,
Thiz formution, originally anlled the San Migod

The evilenee 1o be found in the Rico Mountins
is mmnibitly dmdepaate for she golwion of this

“The angular, conglomernte nnd afterwerds renamed tie Pella- | problew. It s elear, however, that the various

may.::... 55.?;:.‘. ; .A

O S iy

+ Enlores and | ride, acquired o mpidly idereasing thickness wods » munifestations of deep-seated forees at this point
4 uplift affecte < wand frou its honler in the Silverton quadrngde  belang 10 Jiiferent epochs and seem in some pare
avtion. The to the Son Mignel Mountnins.  On its bander it is  ticalues imlependent of cach ather,
cuing to he 50 feot or foss thick and s o conrse conglonerte. ! Quaguarrsinl jolding—It is helieved that the
sharply fodded | Tn Monnt Wilson, a few miles navth of Rico, it is ' gquinpunverasl folding whiclt seems 1o have been
iy the region | about JOOO feet thick and eongists of fine conglow- the principal for in the clevation af e Rico
‘ nerih and st | emte, sndstone, or shaie, the tmnsiiion in texture | dome tonk pizee afier the seeamnlbaion of o cone
s oad west no

nd thickness heing clearly exhibited i the inters gidembile thickness of voleanic meks from San Juan
eXisi bepween )

medinle sren, ernpinns—that is, in the Tertiney purviod and pos-

While much of the Toelluride formution is well sibly in the Fovne epoch soon after the formmtion
sjzent crosion | simtificd s apparently of submgneaus ariging it of dhe San Jusm il The erasion which protduenl
e Sleposition | seems possilide thot the whole may binve lnen of the Telinride peneplain woubi surdy hove smn-
bue uniil the Huvimile origing In 2oy cse i is prdable that cotind the dome had this stimetane boags of Mosonnic
sepresented by | the conglomernte was depasited aver tire Tivo nren age. That plain is, however, nowhere seen in the
o onoemature 100 with a texture and thickness eovrespasniing to s~ Rico Monamaiog, althongh Blicklnwk Peak sii))
E R A I RUTHIR risess e e 800 fiet whave the level we whiels it
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kuown importnt Dy of b, sid e
) dikes of diabagic vorks, Some of the
vacks eut the Uncompahgre stet, wml the com-
paemtively analtered texturnd condition of these
intrugives appuss o indiente that (hey are all
lter than the time of the sbove-mentioned fobl-
ingz (o which the Algonkinn gediments were sulv-
Ju,hd

The presence of occasional fragments of granite
or schist in the igacous intrusives of the Rico or
La Phia mounming shows that these sane obl
formationg exist Loyt Joter rocks in the country
west of thie Animas,

Palrozoic history.—Nefore the carliest. Paleozic
suliments of e region were deposited there was a
period of cnormous crozion which appeurs to have
affected the southern Rocky Mountain provinee
amd profably linge arens of contiguon: conntry,
A penepliin of marked chareter was producal,
which, on sinkiog beneath the biter Candorian
sen, Locame the ilgor for the (Ieposition of the
lgnaeio quartzite. T6 that. formation is of Swm-
tugs (Uppir Gambrian) age, as now beligved, it
is rensonable 1o refer this great evosion 1o earlicr
Cambrian time. |

As will be elear from the description of the Pale-
ozote Tormndinng, the epochs of sedimentation dor-
ing the Ordovivian, Silurian, and Devonian perinds
wust lve been abmost insigailicant compared with
the intervals of nondeposition. "Fhe Iatter, fuaw-
cver, were certainly not tines of continental wylily
to uny great elevation above sen level, in this prov-
ince ut. least, since the thin formuations of the Jgu-
cio, Elhart, snd Queny cpuchs, though separated
by intervals vepregenting long periods of land con-
ditions, are proserved in alimosi conformable relu-
tiong in the Animag Valley, a few miles east of the
Riea guademngle. A fuller disenssion of this fee
tire of Palcozoic Nistory is given in the Needle
Movntuing tulio,

Apparantly theateposition of the Qumy limestons
wag continuous from late Levoniwn ity wrly Cur-
boniferous (Mississippian) tine, sl he suecembing
elevation wust have produced, as did the aulier

Rico.

F "‘<x"’-9
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ol e Possiliferas Dol

womtreat, bt ondld dee
horizen within the Triassic sesten represented by
those beds has been determined it is premature to
nssign the progenic movement to late Pulevzoic
rather than to c~n!\' Mesozaie time.

Mesozoic history.—lvidence that the Dolores
formation is of ‘[rinssic age has been given. In
the upper Dolores Valley, ag in the San Mignel to
the north and the Animas 1o the st the Frinssic'
strata are yverlain with apparent eonformity by the
a1 Plata foration, yet on the northern side of the
San Junn the La Plata tronsgresses the wlges of
okler sediments and in places rests on the Arvchean,
demonstrting that a period of contivental uplift
amd great evesion intervenal hetween the Dolores
and Ta Plata epochs. Similur relutions are known
elsewhere in Colomudo.

Whatever decision may ultimately be reached
ag 10 the velations of the Gannigon group as o
whole, it is trie that the upper of the assumed
Jursssic  formations, (he Mclhno, benrs such
sirong litholagic vesemblance, in some of its
upper saudstone memiers, to the Dakota sand-
stone of the Cretaceous that it wonkl he natuesl
to assume that both formutions belong to one
epoch of sedimentation, rather than that there

Pwas o grent stratigeplic break  between them,

involving the whale of Fawer Cretuecons time,

The Upper Cretaceons section formerly present
in the Rico region was doubtless dike that which
has hieen mentioned as present south of the La
Plata Monnwains.  The shernation of shwles and
sandstones, with numercus conl beds, testifies to
genenl cowlitions similar to those prevailing in
the Recky Mowntain provinee, but differing some-
what in detail.

Lost-Laramic wplift and  erosion.—That the
domal fulling of the entire Paleozoie and Mesozoic
seetion shout the San Juan center mecarred in the
interval sueceeding the Larnie epoch has been
clarly established smd is diemgusd ot some length
in the Telluride Tolin.  The local uplifts of the
Zico el T Plata monntwing are imposed wpon
that older structure sl to some extent vbseure it

Huvrtihe origin,

FHE 0y vsiee 00 s jetenione baad

the conglomernte was depusited over the Rieo area !

with a texture nnd thickuess corresponding 1o that
exhibited in the San Miguel Mountains.

No fussils have heeu found i the Telluride fur-
mation, hence its exsct age is unknown, N relw-
tion to the San Juan volanic deposits shows it to
have immedintely preceded them and at present it
is nssumed o be of cwrly Eocene age, ulihiough
there ure some reasons for thinking that the Tel-
luride conglomerite may e correlated with the
Arapahoe formation of the Deuver region, ussigned
1o tlic Post-Lavamic part of ihe (,mt.iueom on
[mleontologic evidence, A full discussion of this
question is given in the Felluride and Bilverton
{ulios.

SAN JUAN VOILCANIC Hlllll"l'lo.\'.ﬁ.

The volcanic complex of the San Juan region is
kuown 10 be the regolt of onthusts of vavious
kinuds and with vacigus products, extending theough
Tertiary time. The enrlicst cruptions must. have
followed the deposition of the ‘Lel -ride conglom-

ate very clogely, aned it is probable, . s the con- |

giderable thickness of tufls and liva . ws ahove
that formation still remmining in the odje nt San
Mignel aud San Juan mountaing, that the “ower
voleanies extended over the Rico aven, with o taick-
ness perlups of severnl thonsaad feet.
tion is partienlarly referred 1o in the Telluride fulio,

This gnes-

while the explanation of the alsence of the vol- |

cnices in the Llico guninits is preseated Lelow, in
the diseussion of the origin of the Rico domal
uplift.
1GNROUS INTRUBIONS OF TUR IUICO AND LA PLAYA
BOVNTAINS,

While no gurfuce voleanics are now preserved in
the Rivo quadrangle, the numerous intrusive rocks
which have been deseribed helong undoubiediy to
the Tertiney peried. 1t is indee!, possilile dat the
monzonite or syenite stocks of the Rico and La
Platn centers nmy  represent chaonels through

which extensive oulpourings of bava ook plaee,
Pe that as it may, there is every renson to cors
relate the igncons phenomenu of these local cen-
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That pluin is, however, wowhere seen in the
inco Movntaing, althowgh Blwkhawk Peak il
rises more thawn GOO feet above the level st which it
uppesies in Mount, Wilkon, o few miles to the north,

"The greater part of the uplift which Las taken
place has afticted the whole Paleozoic sectivn and
the underlying Algenkian rocks and thus the small
Fico dome comes 1o show ¢loxe relationship with
the mueh Lroader Sun Juan uplift.  As hug heen
stated alveady, the mast |nonnncnl slructure in the
San Juan region is pre-Tertinry in origin, bt there
wag nlso uplift in Tertiory time, und it i3 possible
that. the Rico dome is synchronous with the luter
clevation mind o result of the sane foree,
ig truc of the Ta Plate Mountaing,  But wutil the
stracturnl history of the San Junn rexion hag hoen
studied in mnch greater detail the relation between
the Tocal uplife of the Riro and La Plats monntaing
and the more nearly eontinental movements of the
SanJuan vegion cun not be tharouglidy dissussed.

Agye of the lIncolithic intrusions.—The ikes,
sheots, and smail taceoliths of porphyry in the
Rien Mountains helong to the goup of ioriie-,
Y monzonite, and ganite-porphyric
“widespread in the lueeolithic mountain groups of
the platenn counntry wnd also in the mountaing
of Culorndin,  That these vocks ure in ol these
instances of approximately the sawe age is o nat-
ural conclusion in haemony with all known ficts,
although the delinite evidence of Tentiary uge is
ound in bat few Joenlities.

Evidence at Rieo bearing on this. question is
limited 1o the gencerm! considerntions nbove statel
g 10 the wge of the domal uplift. In the adjacent
Telturide and Engineer Mowntain quadrangles
there are lirge luccolithic bodies of porphyrics
very similar to vocks of the Rico Mountiing,
and some of these ace intrwded it eoleanie
ricks, proving their Terdaey ages Bt wo evi-

The smne

g which e sy

1

denee bas been fonnd 10 indieate the partenkar
cpoch of this peviw! in which the intresions 1enk
lnlut.u

Stock er nplwns and faulling.—In considering

e et et = —

oo

3,

T ——

frcincitsiidns

T

CVEE]

T

e

e T S vt i




the nutnre of the furves which have produced !
the Rico uplift, it ix apprrent that e is g cloge S
analogy hetwien the two pthases of intrasive sction ‘
and the twvo phases of struetuml uplift. The Jori= 4
|“nl’y Ill’\\':lnl l‘n.\'i“m al ‘llis center was one 1o
which the whole zevtion of 1 lcozoie und M-
zoic streata secommudatal itself by folding, sinech-
ing, wnd o donbt by winer fissuring, T woukd
appenr to have been a arnlundly exerted pressure,
of the kimd assumed 1o Juve foreed the mngnng
of luceoliths and annlegons sheets between the
strdn of o sedimentary complex. Cornspoml-
ing 0! iddemy,y
purpiiyry shests of the Rico Mountaing are the
carliest intrusions.

The fuolt blocks of tie heart of the mounting,
made up, at ihe exposures now seen, of Algonkian
schigts nud quariziles, have been thrust up tiirongh
the fuldud strnta with little or no evidence of con-
tempomucous foiding of the adjoining buds.  This |
is also the relation of the Darling Ridge munzonite
stock, as far as «n be soen, and alzo of the xim-
e stocks of the La Pluts, ‘Telluride, und other
neighboring quademgles. Sueh ol Hlocks and
suei masses of igneous vorks seem olike due to
forees swmbdenly exerted, producing verieal fiue-
ture instead of doming.  With suele an analogy in
mind, the suggesiion matemdly arises that @ nuss
of magma, forming u stock in greater depth, may
huve followed the upthrast blocks now revealed.
Such a hypothesis reguices the assumption of very
direes connection hetween the propelling forees of
magmas sl those of structural uplift,

Cunneclion belwween ful~liuv and inlrusion.—1f
fulding and iutrusion at the Rico center be refurral
to lhc nction of the mme great farve, it is diflivult
to explnin why larger amounts of mugnus were not
intrudled into the st of the Rico dome, in view
of the lnrge porphiyry musses of proimbly eonten-
poruncous origin awenrring near ut hand in com-
paratively undisturbed buds,  The Flattop muss of
porphyry, exceading in Lulk all the sheets of the
Rico Mountains put together, occurs just wt the
northenst base of tie dome, but similar lorge
hodies veeur on the San Mignel River in the Tui-
Juride qumdmmgle, 20 miles from the Ries uplin,
and another ovenrs in ermosa Pouk, o fuw miles
to the ensi.  The steeks of the Telluride quad-
magle appear likewise to be distributed withont
visible relution 0 any structure of the saldimentury
formazions.  In otiter wonls, it appears to be the
caire that, while hwecolithic inuusions nnd stack
cruplivns have ocettrrad at the Rico and La Plata
centers, both formes of intrusion have ulso tuken
phree not far away inomueh greater volume, at
po:ms scemingly independent ui such conters. It
is 10 be hoped that mora extendal studies of the
San Juan and adjacent regions may throw light
on the reintions of these various phuses of inrru-
sion of magums to strueteral movemenis of the
eartl,

PHEXOMEYA COXNECTED WITH 1ONROUN IMTRUSION,

Aside from the merhaniea! featnres of intrsion,
which have boen refurrad to, the principal phenmu-
ena conneciad with theigneousinirusionsof the Nico
Monntins are thase of conlamporineous metiamuor-
phiam and of solfutaric exbuiution which nppeans
to imvy coniinui! down 1o the preseat lime,

Condaet melamorplizsm.—Contet metmmorplinm
of the ealeurcous simsn adjeeent 10 the monzonite
stork is very proucuncat! ot ueely all places where
these rocks are expusal in the vicinity of the
intensive.  The chumieter off the altemizion i such »
03 miight bie expoeted from the action of minerl-
izing  agents, us chlorine, flunring, nnd heanted
water earryi
in solution.  The metmnewphisim refernad 10 con-
sisiz in the formntion of simet, pyrusene, vese-!
vianite (%), and pessibly viler silivates of alumina, |
witl magnesiag ivon, mal ine, ool in the t.l-lnN-
tion of =peenlar iran in srales, ullu-r ey ml'n" ,

Lha wu

it is found  that the distinet |

Donlinarily known as volaanic attemdud the deep-

7 those guees and perlaps others oy
“the Llieo Manoai

12

sion.  The enstern end of the monzanite is just
above the street in Pivdimont, and thers must have
heen fissures triversing she siman in the prolon;
tion of the principal axis of the stock,  Tiese may
have given heated solutions the neawary aceess 10
the limestone ot the plices new seen. So fur as
observed, such  comaet  mesanorphism i con-
fined 10 tiie zone nbostt the stack, with the exeeps
tion of one placg in the shaterad zone, Luetweun
the forks of the Bluckhawk Sl whee guna
neisses il gpeendur iren oceur near o small por-
phixry dike,

Nolfutaric addion.—While 1o evidence cmn ever
be dizeoverwd proving tiat the surface phienomena

setal intrusions in the Rice Jome, ceriain prue-
esses which are genemily supiosad o charmererize
zones near the mufwe have Leen active in the!
horizons now reveaksl by crasion.  Que of these !
processes iy the dcmuqvﬁumu of rocks by sul-|
phurous vapors er by solutions thit have sbsurinal
thase vapors, ninl the produciion of alunite.  This

substance is formed at the surface in the crater of
Solfitarn, near Noples, and i3 n common praduct

of the mulpharons cosmticns of voleanoes knows

from this lnullll) as solfuazic exhalutivns. Dot

the process is not necessarily connecied with solfu-

taras of typical vohasoes, und the term has hocw'
anndually \"::h-ndul to cover iite ‘metnmorphosing | f

action often cunsequent on o—npnons which huve

beun accompanied by mineralisng agents of sul- !
phurous chareter, even when iukm" phee lnl
depih.

The orthoclselnsiring porpliyry muss of Calico |

Peak has Levn nlimo<t wlmll. decompesal by s
agents, alunite mul kaolin being  the pﬂn.ll:.l!
l'mlhl\,l:s.

Eisting sulphor springs—1t ig cspecially note-
worthy, in connection with the evidence aheove
given of former intense solfataric netion, that there
are numerons springs of witer heavily chargal
with sulphuretal hydregen izaning to-day from
the slojpus of Stoner watd Johuny Buil creeks and
of ather tributaries of the Wit Dolores north of
Johinny Bull Creek.  The wuies of these springs
are surfce waters, as they are influenead directly
by the minful of the season and dry up at times,
but the sulphurons guses (e continuonsly.
The exchusive presence of these se oags on the
west side of the duine, extending  .om the imnie-
diste vicinity of the solfatir®  conter at Calico
Peak toward the West Dole 4. suggests that these
extulations reatly belong ton later :mlfumnu period
of this eruptive venter.

¢

0N DEPUSITION,

After the wplift of the Rico dame, the intrusion
of the igneons rocks, and at icast o portion of the
fanlt fisuring there was a period of extensive ore
depesition in the rocks now forming the Rico
Mountaing.  While the age ¢ the ore depusits can
not Lie closely determined, it s in every way prob-
able that they wrrespond it time 10 the deposits
of the La Plata Monnaing aa ! that they belenz 10
the great epoch of ore depumition which suceerdald
tire carly “Pertinry izncous inirusions or more typi-
ail volennice cruptions in many parts of the Hocky
Mountaing,  Appurently tie more typhal lntey-
tithie momiinin groups of the pluesn country fo
the west da not contuin ore depoaits in an abun-
danee at all corresponding 1o their development in
the Ta Phaa and Wieo 'u-v;mxuiux, bat whuther
it faet is connectes] with cheie situndion remate
from the grat eeniess of eraptive netivity or with
joct canses cun ot now haletervinald. I would, .
hm\'u\'(-r, appuar sural that miovy extensive ||l1\0- ;
n uf ore minerals should vecnr in o center ke
where there lms been =0
wmzeal an onount of Bascing, sifording el |
uels fur the cirenlatbn of mescl-bearing swointions.
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sern end of the monzonite is just
tin Piedmont, and there must lnve
sverning the strata in the prolongn-
wipal axis of the stock.  These may
te] sulutions the nevseary aeees o
2t the places now seen. So far as
W contnet  metamorphisne i9 con-
w ahont the stock, with the excep-
e in the slmttered zone, between
e DBlackbawk fanlt, where garnet
enlar iron oceur near u smantl por-

i, —\While no cvidenee can ever
aoving that the surface phenomena
an as voleanic atiemded the Jdeep-
< in the Rico dome, certuin proe-
generaliy supposed to elaracterize
surfuce have leen active in the
evenled by erosion.  One of these

- decompasition of rocks by anl-

ar by golutions that have absorbed
o the production of nlanite. “I'Lis
medd ot the surfice in the crater of
Naples, and is 2 conmon produet
HES clll:”l"lious of \'(l](‘lllln(‘!’ k'll)\\'ll
Ay as solfutarie exbmbutions.  Pat
U neeearily connected with solfie
volennoez, und the term hng hoeen
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question.  Naturlly the work of istinet epochs
of Yertinry crosion can not be recugnizal in the
Rivo disiriet, and the prsent diseussion is, there-
fore, dircctedd o the locul problem as 10 the senlp-
turing of the Lico done,  ‘T'his emzion hegrn with
the rige of the Jdome, at some nuknown time in the
Tertiary period, and g continued 10 the present
day, although discussion is here confined to pre-
neial erosion. The ghaviation here veferred 10 33
that of which cvidenve is ohservable, and iz not
uecessarily the earliest of the region, oy will be
expliined in o ler poagmph,

Seulpturing of the dume.—~At the inception of
the Rico dome the voleunie rosks which corerad
the San Juan conntry were being otimcked on
all sides by streams whise pesitions were prob-
ably determined by the digtrilmtion of the vol-
canic materials. So lonz as eruption continued

ation by lava fiows, but with the temporary ovs-
ation of volesniv wetivity  each strmm would
mainmin the conme it then hedd, decpening: its
channel aml sapping ot ity heul to extend s
canyon into the centml mountainons vegion. It
stems probable that the Dolores River lanl assumeal
ity prosent esnrse provions 10 the fommtion of the
Rico dome, sinee, siepposiog that the surlice at the
time thedome was formed wine sullicientiy s«inooth

el to cover the metamorphosing

<cquent on eruptions which have

fur the development of consequent diminage on
its slopes, it is diffienlt to understand liow one of

st by mineratizing ngents of sol-  the nulial streams thus neshing conhd have guined
ier, even when taking plwe inlso distinet an advantage over tie othes tme it

~lwaring porphyry muss of Colico | relntions of hanl amd soft rorks in the region to! Leidence of veceut glaciation.—The recond R AT
Tmnst wholly decomposad by such ; the zorth of thelome ane suech that it seems a3 if | zlciers fu the Rivo Mountaing is soen in a?@a'_ i:hit A g
divendon of the mudinl streums on the northern | s AR
slope st have heen sveomplishul by the west- § mulations of déhris, but none of these is strikin

and kaolin being  the principal -

ar apripge.—Tt is especinlly note-
wetion with the evidence shove -
wings of water heavily :,-h:u‘gc«li
¥ ohydmgen dssing toaday from !
uer wond Jolmuny Bull cracks nd

sous they are influeneed direetly
the senson amd oy up at e,

tome, extending from the immes
tee alftarie centor o1 Culien

wonlil finally canse their complete diversion.  The

ern hrmnch of the Dolores River ling hefore any

. . . . . <Y
stremm originating on the sonthern slope of the , that besse of their somewhnt lower :llmuderzg
. . . V. . . . . . . -
ntenge golfutaric action, that there | Rico dome could kave eut its valley  backwand ! their isolution the Rico Mountains were not®

throngh the hard core of the gronp to the north
side of the dome struvinre,
The vetual amount of ermmion’ sinee the Rico

ox of the West Dolores north of  uplift cin not he estimared, vinee its effeets are ot Rivo were pvlubly deeply baviad in snow
vk, The waterg of these springe sepamble fiom thise of the epoch preqwding. Te ) were bt few pluess in wiich the acenmulad

H

is believed, bowever, that the voleanie roeks had

nnt heen romoved entinely and that, ns o Munm! Ene

s gmses emmpe continuonsly. | Wilson, 1o the nortly, sediments ahove thaee vow | That glaciens were nat. praminent for nny gl 4
. ‘ . a2 R

~senee of ihiese 2prings on the - exposal were present, np into the Mancos shale, 0 length of time seems clar from the nlscnce'ﬂ‘!fxé:!‘ {
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river has been snlliciently resistant i0 form nhia 2
Loth south of Aztee Guleh and in the maig &
south of Horse Guleh, though in neither pth
it rezeh to o high an elevtion as the perph
of the mlicent peaks, -ji::

The distribution of the Inceolithic porpli3
masses in the upper part. of the Nolores forms
s determined the zomnd gronping of the privey
mountain penks about the center of the dome giz
ture.  In fuct, it is to these porphyries tha Rl
Rico Mountaing owe their existence. llndiﬂj‘ :
not heen encountered by the sirenms, llne:“b
in dissecting wonld have given io the do‘;?»
mokding seareely different from that which::

hanler beds wonld be expressed in knollfs
the siream courses were constandly linhle to alier- Fenrving ridges, but the geneml clevation weeh
“lmve been much Yess than at present. 654

y Digher mowntning adjacent. They formed n !g.ﬂ

. B v 5
lve in:pressed upon the adjucent areas of M
it

mentnry rocke; the concentric ounterops of 8k

QLACIATION OF TIHR RICO MOUNTAINS,

It i known that the higher portions-of th A
Junn region were pructienlly coverul by an
sheet during a lute stage of the Glacinl ep

% e,
Rensong exigt fur belicving that the San Jo Kairn, .‘_':‘_Y:ﬂ::l_!_:‘if.‘
Mountaing were ulso glaciated in an carier :"'if‘i_--.;{{' ‘ t%‘é_sé_
tion of the Glacial epoch, but evidence beipisREAEX RS 'ag.:
on this question is found in the Rico digorans 5 ;1.:{-?
only.in certain high-level gruvels of the l)olgf;:??% P

Vailey. 2

by

wpogrpkic forms, in reck searing, and in”sgaYs

. . T
prowminent or chureteristic, frow whicl it appes

2%
. . W\ S 2N

completely  dominated by the dee as were -‘1@%
. A : »rf:"

center ol accwmudntion, und thongl the husing'gy,
po

beenme salliciently deep for the consulidations
the snow into trae glacial ive. ey

A3

marked glackal cinpies or mephitheaters in bSSEETS Ve ~
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eruptivng bove ovcuerial at the Rico and Ly Pl
cearters, both fopms of intrusion have also (aken
place not fur away in much greater volume, at
points seemingly independent of such centers. It
iz tg be hoped that more extended stidies of the
<an Jaan and adjacent regions may throw light
on the relations of these vavions plascs of intro-

don ol magnes to struetuenl movements of the
aarth,

FHESOMENA CONNECTED WITH IGNEOUS INTRUSION.

Asile from the meelumical fiatures of intruzion,
shieh have been refrsed 10, the principal pheniu-
ax connected with the ignenus inttugions of the Rivo
Mouniains are those of contemporancons mwetumor-
phisay nud of sobfataric exhslation which appes
1o b coniinned sdown to the presént tine,

Chorlacl uw/muur/:hismA—(‘,'m\lucl. wutinorphism
o the cdenreous Stratn adjncent o the monzanite
stoek is very pronguneed it neoly all places wlhere
these vocks sre exposed in the vicinity of the
intrugive,  ‘The chameter of the altaration is such
a5 nnght be espeeicd from the action of jnineral-
izing  agems, as chlorine, flworine, and  heatedd
wnler Gar ving  these gases amd perhiaps others
nosolution.  The metunorphism referred th con-
i the formation of warnet, pyroxche, vesu-
winwite (7), snd possibly other silicates of nluming,
with magnesis, iron, ol linie mud i the deposi-
Son of gpecalar iron in seales; either impreguating
ihe vocks or, more commonly, in thin cragts
i o Suach aleration of the caloruouy
uny b seen on the north side of Darling Ridge,
acar the blawont in lome Guleh, and déwan néar
Pidinont,

i

i strntum s

I the metamorplios
Hmentome e nateiy e the siliendes mmed i
ssually white covstabiine mrble.

Tl gorest metanepdism ol the Devoniang lime-
Aong in e Dolores Valley at Rieo is =0 clearly off
thie kind deserilud that it is considered probuble
ihat this change is also due to the monzonite intru-

i 4
west side of the dome, extawting Trow the T
dinte viciuity of the -sulfataric comter at Calico
Penk townrd the Wl Dolores, suggesis tat tiese
axlalutions rendly helong to @ ter solfatavie perind

clusive presenee of these springs

of this cruptive centir.
OHE l)El'Of_\l'i’lO‘\"

After the wplift of the Rico dome, the infrusion
of the igneous rocks, and st lesst x pm-'xion of the
fault fissnring there was o sariod ol extensive ore
deposition in the rocks vow forming the Lico
Mountains.  While the uge of the ure deposits can
not be closely determinad, it is in every way prob-
able that they correspond in time to the deposits
of the La Plata Mountaing and that they belung to
the great epach of ore deposition which succeeded
the enrly Tertiary igneons intrugions or more 1y pi-
el volenniv ernptivns iz many paris of “the Boeky
Mountaing.  Apparently the more typical Taceo-
lithie nwtain goomps o8 the platean conntry o
the west o nor centain ore depisits inan abun-
tanee nt ol corvezpomding to their devclopmeni. in
the L Pl and Rico wountuing, bat whather
that fuct is connceted with their sitwtion remote
fiom the grent centers of eruptive aciivity or with
loca} crndes con not now be determined, 1 would,
howeser, apperr naturml that more extensive depo-
sition of ure minerals shonkd eceur in o center like
the Rico Monntains, where there hag been so
nnuzual wn wmount of fissuring, affonding clan-
nels for the créulation of mctal-hearing solutiuns.

‘RROSION OF THEHE IIIC\).!)O:\H‘.»

General statement.—'Fhe S Juan and adjueent
country ﬁppcﬁxs to have beew n_continental tract
during the whele of Tertinry time.  Erosion must,
thevefore, Tuivé heen continnally in progress dur-
ing that period.  ‘LThe work of degrutation was
vepentedly  ingeerapted  and o

nesire
widone by vast valennie seemmnnlations e sev-

sreat
eral different epochs, urther, the aosive power
of stramms varied graatly, nueonding to the alter-
nttug elevation or subsidence of the  rugion,
which probably continucd during the period in

I N e
on the | expos
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the thwe of wplitt,

Whether the Dolores wi (lmving i ghallow
valley or decp canyon previous o the domal uplift
at Rico ean not be surmised, bt before the com-
pletion of the stenatare the streans lind doubitles

5 shale, i

cut a deep trench well down toward the Luse. of

the voleanie rocks whicl

are suppusel to have cov-
ereed the region, wnd possibily into the Mesoznie sudi-
mentary rocks, upen which they prolubly rested.
This erosion belougisl 1o the epach of deformation.
Tt was suc

wdad by continued wrasion of the pres-
ent epuch ng achitrily fimited by the complution
of the diglinet uplifi.

With the downward cwiting there has doubtless
hoen coneomitant elevation, it of this there is no
evidénee in the immediate vicinity of Rico, though
sonie 16 miles or so 10 the south there ave gravel
bedd abiout, 00 fect alove the present calley floor,
showing the former position of the struaon bud
il indieating an wphift sinee their deposition,

The cffect of erston within the onntains bag

been s il the river ded eat its way at once to
the present position and then side g wd
wnllies had completed the grading of the slopes.
Tt is behieved, however, that sev

i disting uplifis
have seenrrald, but ithe panses hotwenn them left
ords Becanse of the fact that the river was
culting its channel and notat any time widening
its vulley, so that the vall

2y was suceessively deep-
éned, and under cinditions of heavy  proeipits-
tion the slopes of the valley wulls woresgraduably
reduced without the production of termees.

The sofler vocks have bean carved away, leaving
the more indurate as clifls or steep slopes betwesn
more gentle sectivities and determining the posi-
tiong of the main mountain The rocks
which have been soiliciently nmssive to form
mountain caps tee mosily  intruded  porphiyric
though the Ta Pl sadstone aiw

LILHAS

S (L

knob abiove the genersd fovel of the wrljneent ridges,
OF the ew high peaks capped Ly otler sediments
than La Plata, Teleseope. Mountain is the only vne
not protectud by a very wassive sheet o porphyry
Iying within 100 (o 200 feet of the wp.

T
length off time
warked glcial cirgues or mwphithenters in the
higher wmountains,  The basin ot the bead of e
small guleh nexe east of Allyn Guleh, in the east-
cin part of the gronp, is. the only one of the region
whtich strangly resesnbles o Lypicnd chque, T is
uoteworthy that the side golehes of the moun-
wins scldom possess the profile outline clinee-
teristic of valleys filled by gliciers, the only (wy
exhibiting the U-shapul form being Sitver and
Lorse guleheg, the Targest sl d

_ee
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aeans Clear from the absence of

wiwst of the group.

Rivigied or grooved rock faeis have béen noted
in meveral aces, notably in Dawdwood and Silver
gulches and neav the bead of Johnny Buil CGreek,
west ol Calico Paik.

Gacinl déhris retaing distinet morminal form
only on the southeastenn glopes of the mountaing
ut the hewd of two bimches of Seotch Cr
the Kngineer Moantain guadiin
deposited by short

5y i
le.  These were
aluciers of small Jdimensiona.
Tn other places the gavels supposed to he of gla-
el grigin are minglal with avalanche, Badstide,

I o débris, and coubil not be shown on the
map,  They ocenr on various ridges or mountain

slopes and 1o ceftain gulehes, snd details of their
obgerved distribution weré given in the Rico
raport.

The vonnded ridge ot the entennce to the valley
ol Silver Creek has an external appearance siwmilae
to that of kames or eskers, but it is really com-
posicd of sedimeptary rocks and intrusive porphyry
and is merely capped by gravels,
auently a4 forin of erosion
struction,

Colluctively the phenonicna obscrved are helieved
10 warranl the conelusion that true glacial stecans
at one time existed on the southenstern slopes of
the mountaing, in the valley of Sitver Creek and
s tributarvies, and in Desdwood Gulch, and that
in the wpper part of Tlorse Gulel thers were

It is vonse
uther than of con-

important, seennmbations of Geg whicl may or way
uot have venched into the tower part of the vals
ley, 1 others oxisted, theie ks have been
ubscured by surfice waterinls of  anotier origin
or Ly recent erosion.
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Talley yrarcis relaled 1o gincial deposils.—A
group of graved depasits which may be tentatively
referred to the close of the recent (Wisconsin)
stage of glaciation owmvurs in the Dolores Valley ut
many points from the Rico Mouutaing downward.
These gimvels are seen in the terrace upon which
the town of Riee is partly bailt, and on the similar
and prolably corregponding bench which ovenrs
about 40 or A0 fect. above the rviver hed nevth of
the mounth of Sulphur Creck. ‘The grivels are
Lest exposad in the entiing for the voudway o
the milrond stntion ai Rien, but are known to
form the olge of the termee for nearly half a
mile to the south,  Qceasional remnunts of vor-
responding gmvel benches ovenr down the Doltopes
River as fur as the mouth of Bear Creck, South
from Maontelores the beneh is from 10 to 30 feet
above the preseat siream, and it seews to siope
down the valley ai a hily greaer grde than
that of the Dolores iiver. This bench is not
entively depositionn), since ocensionnl  expasures
show vack in phice.  Jusi north of the mouth
of Ryman Creek the inclined am! truncated
edges of the Cutler heds are shown 1o be cuv-
eredd by o thin enpping of gravel, and eust of
Monitclores the craded surfiuce of the porphyry is
but partially conceated.

Liess eongpicnous remmmts of o gruvel wermee
oceur atorg the Bear Creek flat. This termee is
at nbout the same clevation above the present
stremn g the Doloves termee md seems 10 be
closely related to it geneiieally. At the angle of
the union of the stremns a termice remnant appears
to be commun 10 hoth. The terraee gravels of

Bear Creck came, of course, from the Ia Dlata,

Mountains. West of the mouth of Bear Creek
thiy beach is inconspicuous or wanting, Lt seems
probable that these Dolores Valle avels repre-
sent the sennty mortinal materinls of the Rico
glaciers trunsported and depositd. The amonnt
of steam cutting below the gmavel-covered ter-
races is consistent wizh this idea.

Aneient. ylacial (2) gravcls.~~Coarse gravel or
bowlder beds, which from their position suggest o
considernthle former exient of such materials, occur
at numerons points in the Doloves Valley at sev-
ernl hundred feel above the present stresm. The
most noriherly of tiese observed veeunvnces is
on the ridge south of Aztee Gulel, auar Rien,
where, ot an elevition of 9300 feet, or about 700
feet nbove the river, an excavation in the wonded
surfice reveals a of very round bowhlers
Iying in fine gravel.  Among the rocks repre-
senied are blue limestone, greenizh sindstone, and
vein quartz. The bowldeny are very unlike the
angnlar e witich are sparingly  seatiered
about the surfuce.  These angular blovks, ofien
5 feet or more in diameter, seem to have come
from up the river, fer red Doloves snulswone is
common among ihein. Bowlder gravels have also
heen exposed ai n lower Jevel on this same ridge in
prospects newr the line of the Calunet vein, alwut
300 feet above the river.

On the slope below ihe tufa beneh souih of Sul-
phur Creck, sonthwest of Rico, at alwus 300 fee
ahove thae river, there are several patehies of eonrse
gravel bods.  Amony the Nmgments notiost hiere
wis one boek, nearly 5 el in disoeder, of the
peeutiar hornblembic porphyrey konown anly in
dikes in the Algonking srhists sbove Rico.

Farther down the Dolores Valley other stmitur
grieved putehes veeur at thiy general eved of 300
feet above the river. They are ecspecially well
shown on the west side of the river between Sny-
der's ranch and Rio Lado and bave been noted
also near the manth of Benr Creck. Tossibly
they oceur in simall ramnants much frther Jdown
the river. A specinlly goold exposnre was noted
near the mouth of Tenderliot Creck, where the
prbdiles avemge niwas

4 oor dinches iu diimeter,

13

chareter of she -bowlders and ihe meager evi- |

denee concerning their origin senrcely Wiz
the assumption of any  parteslie relstion o
more ancient ghacintion.  Grvels of high level
are abundoant on all sides of the San Juan, nud

in the fortheoming Quey folio strong evidence
indienting o preWisconsin  glaciation will he
given.

- LAXDSLINDRS,

The landslide arens of the Rico Mouniains,
which assume unusual importance, have been
deseribed ns o their charneter and locl distri-
bution, aml it renmins 0 refer bricfly o their
age and the evidence of their origin, A much
fuller treatment of the subjuct s given in the
Rivo report.

Age of the landalides—"The epoch of the Rico
Eindslides iy be sabl to extend backwand from the
preseni day to their beginning, at a remote period
not securtely determinable, From the grest num-
hor of the glides B this Himited vegion and the con-
ditions of their distribution it must be szsinal
that they are pricarily due te some very unusual
furce, slinttering the rocks to a remarkable degree
amd principally exertad at the Jieginning of the
Londstide epoch. Tt is therefore.of prime interest
to nseertain when these slides bogan,

OF all the phenomenn of Qunternary age in this
region there is none affording definite proof as to
the remoleness of the time at which the fmeti-
ing of the formations took place.  The principal
changes in the topogmphy since the landslides
hegsn Tiave been eoused by the slides themselves.
There has been  praciieally no crosion in the
Dolores Valley or in the wore evenly gruded
renches of its loenl wibutaries in the landslide
epoch. Al the distinet alluvial formations, as
fioml plains zad the fans or aprons at the mouihs
of atremus tribuwey to the Dolores, are referable
10 seiivities during the landslide cpochi. Fven
the glacial deposits scem to afford little evidence as
to the age of the first lundslides.  The main tmees
of gincial deposits are in the ensturn portion of
the Rico Mounzing, where iandslides have not
occurred; and the gmvel deposits, which scem oy
he of glacial origin, bave in most cases been more
or less reuminged, so that Jide weight can be
plaal on conclisions dmwn from their present
position. The lawdslide  peviod  wag apparently
contempornneous with the glaciation, er nearly so.

Lclations te tupography.— From the details
rding the various slide areas which Jave
already bLeen given and from the  illusimtions,
it is evident that the topogrmphy of the Rico
Mountaing hnd acquired almost the detnil it now
exhibits when the landslides hegan.  The only
considesble modifiauion of that topugmphy i
the intervening time to the present has come
divectly from the lindsEdes or indireetly through
the rpid breaking down of the principal slide
arens. The valley of the Dolores, at the foot of
C. 11 G L, wmust have been ef the cxnet type
now seen above Marguerite Drw.  The stream
bed of Horse Creck has plainly been iaterrupted
by the Puzzle slide.

Tite primary conditions for a landslide niny be
generlly stated a3 2 thoroughly fractored state of
the reeks on steep glopes, permitting the foree of
gmvity to cause the fall; and were all ihe rocks
of u wountain districi 10 be uniformly shattered
the mowniing of most precipitons sod frregular
form would nuturdly experience the most exten-
sive loudslide aetion. But in the llico distric
some of the most rugeed mounting have ander-
zone no visible degradation by ladslips, even in
the heart of the aren most afleetal, Sandstone
Mounmin iy the must siviking inganee ol this
hninanity,
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permeable is the mass beneath (0 the min (hat falls
upont it and 1o the soow water,

Ong eftect of this sattion by cirendnting waters
has been to keep the fineture lines of attrition ma-
ter mnd many layers of erushed sandy slale in a
soft condition, fuvorableto the slipping of move or
less extensive masses whenever the support weak-
cned sufficiontly.  Secondury slides of this sort
must have been frequent ever sinee the original
shaitering of the formations, and they are stil}
wking plice. o .

The more exposed mnd isvlated himistide blocks,
if prevented from further slipping en masse, bresk
up gradually, while 0 talus slope or an svalinche
truck often denotes the course of the more rpid
disintegration.

Origin of the landslides.—The immedinte (nuse
of the Rico landslides is manifistly the very unusn-
ally sliitered condition of the voek fornutions on
steep slopes, and the disenssion of ovigin must be
directed 10 the seat and nature of the force o which
the intense shattering is due.  The evidence con-
cerning this force contvined in the obavrvaiions
which have heen vecorded may be summarized as
follows:

1. The prim':ip:xl Iandslides are confine] o u
sadl cirenlar area in the heart of the Rien uplify,
bt do not cover all of that area.

2, The slides are more recent than the topo-
gmphic details of the mountaing and  walleys,
excepl only some recent and minor features,

3. The shattering of the rock varies loeadly in
degree.

4. The shattering is indepemdent of lithologic
cliuraeter and stractural atiitude of the formation,
and there s nothing in either of these conditions
egpecindly favorable to landshides.

A, The principal landslide slopes are in the
courses of mauny known fralts, but several intenscly
faulted areas of rmgeed lopogrphy do not exhibil
Tandsiides.

6. Many fuult veins scem to have been opened
agin by the shack producing the shattering of the
formations.

7. The shuttering extends below the surface zone
of actual sliding and to anknown depths,

The considersition of all observed facts leuds to
the comprehengive stztement that in geologieally
very recent time 2 part of the ventil poriion of
the Rieo Mountains safiered o severe shoek, shat-
tering the rocks at the surface ans’ to unknown
depths. As a vesnlt of this shattering imany Jand-
stiles Jve ocenrred where othur conditions ware

A THearmtione,

vermble,  Thic shoek st e bl e soupee
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at an clevation of 700 feet above the Dolores River
an the porthern alge of the monzonite arm from
Darling Ridge are of Glacial origin, they indieate
2 much greater acenmulation of such débris in the
yadley than wonld be sngzested by nny other ocvur-
renee it even if they are Glacial, the recent
work of the river seems to have been Jargdly thie
removal of the gravels, with little cutting into the
wnderlying rock,  In Deadwood and Allyn gulehes
the streoms have ent down through the wuconsol-
iated gmmivels of Glacial origin, but this is o task
which they conld have easily aceomplished in a
short thue.  Similar indications of the xmpll eflect
of poat-Gilacial bed-rock crosion are seen in Silver
Creek. where the stream has loeally exenvated nar-
w canyons in the wider valley of Glacial origin,
bt these cinyous have it no instancee exposad the
hedd vock 10 a depth of more than possibly 20 fuet,
aml in omany plices the stremm is working on
débris of very revent origin, which has been thrgwn
inio itz chunnel from the side gulehies and mvines.
Al the evidence serves to point o the receney of
the Glacial occupation and 10 the smndl muount
of ernsion which hns since ensued. The present
topography iz in no essentinl feuture different from
what il was previeus fo the aceumubiion of the
ice.  Helore that the streams bad found their pres-
ent eourses mid hand practieally sssomed their pres-
ent gunles,

In the higher parts of the mouninins, however,
the ordinary simuspheric agencies have been active
anel Targe ammunts of elus and stide rock ane seen
on numy of the steeper slopes.

Medification of tupoyraphy by depesition—The
grediest change in the topography of the region
sinee the great erosion hax Deen eflusted through
the sgeney of landslides.  Throughout the Tirger
tmets which are ghown on the map the land-
slides have madilied the form of the ridges and
monntain glopes and huve 16 some dggree filled up
the valley hottomg, espeeially of the Dolares oppo-
site C 1L G 1T and of Hlorse Creck. Appar-
ently the stremms in their luwer conraes ave not
as vet been able entively (o remnve this hindzlide
debris,

in the villey of the Dolores there sre various
depasits ol strcan gravels, and the map shows the
diziribution of the more reeent depozits. Rem-
nants of terraces in severnd plrees fdicate furmer
depesits, bue these ara not abwavs eleardy distin-
guishalie from «d8hriz of other erig

While the ke tributaries of the Dulores have
no bhottom depogits of tmportance, several of them
have ndlt ap vers decidid allavial cones at their

A

L P AT VTV Y PG BT WA L




where, at an clevation of S300 fiet, or alibat 700
foet nhove the river, nn excavation in the woaded
surfice revends a mnes of very round howhlers
lying in fine geavell Among the rocks vepre-
sental are blue Buestone, greenish sandstone, and
vein quartz. The bowhlers ure very unlike the
angular sgments which are sparingly scattered
abunt the surfiee, These angular blocks, often
3 feet or more in dimaeter, scem to have cowe
from up the river, for red Dolors sandstone is
conmmen ameng them,  Dowlder gravels have alswo
been exposed at a lower level on this smne ridge in
prospects near the Hine of the Calumet vein, abont
300 feet alinve the river,

On the stope below the tafa beneh south of Sul-
phur Creek, southwest of Rico, at about 300 feet
nbove the viver, there are severn! patches of comse
gravel beds,  Amung the fingents nolieed hore
was wne block, nearly 3 feet in dimeier, of the
peculine hornblemdic porpliyry known only in
dikes in the AlgonKinn schists.above Rico.

Farthier down the Dolores Valley other similur
gravel patehes oceur ot this geneml level of 500
teet above the river. They sre especially well
shown on the west side af the viver between Sny-
der’s mnch and Rio Lado amd have heen .notad
also neae the menth of Bear Creck.  Possibly
they geenr in small remmants much further down
the river. A spuinlly good exposure was noted
near the wouth of Tenderfoot Creek, where the
pelibles averge about 4 or J inchies in o linmeter,
thougly some reach & or 9 inches.  Among the
rucks repregented hiere are porphyries, sandstone,
linstone, quartzite, vein guartz, and shale.

"These high-level bowlder heds are considered as
mere rennants of important depesits belonging to
the epach wlien the floar of the valley was 300 fuet
or more above its present strenm bad, From the
evidence, common in southwestern Colomdo, of
slight stream erosion since the lust Glacinl epoch, it
wonld seem necessivy o conelude that the gravels
under discussion are vlder than the recent (Wis-

consin) stgre of gliciation,  Bat the waterworn

ttice

iu)silinn. The tandslide period was spparently
contempornnenns with the glicistion, or nearly so.

Relations lo topography.— From the details
vegavding the various slide areas which  have
ulveady Deen given and from the ilusuations,
it is evident that the topography of the Rico
Mountaing had aequired almost the detail it now
exhibits when the landslides began,  The only
congiderable modilicntion of that (epagraphy in
the intervening time to the present hos come
direetly from the Jandslider or hwdivectly theough
the rapid breaking down of the principai slide
areas. “he valley of the Dolores, at the foot of
CoHLC TN, st dave hieen of the exael type
now seen above Marguerite Draw. The stream
bed of Home Creck has phliinly been interrupted
by the Puzzle slide.

The primary conditions for a lnndslide mny be
wenemlly stated as w thoroughly fmctural state of
the rocks on steep slopes, permitting the furce of
wavity 1o canse the fall; and were all the rocks
of 1 moenntain district to be uniformly shattered
the munntaing of most precipitous and irvegnlar
form would natumlly expericnce the most exten-
give landstide action.  Put in the Rico district
some of the most rgged monntiing have ander-
gone no visible degrmdation by landslips, even in
the hearl of the arca must alfected. Sandstone
Mountain -is the most striking instanee of this
immanity,

Lelationg to wther Qualternury phenoment.—<The
ordinary processes of degeadation, operative in the
high mountain regions of Colonulo have of cowrse
b atetive i the Rico Mouutaing during the long
epoch of landslide action, and it scavcely need
be pointed out thut all the destructive agencies
mnst have been especinlly effective within the Jand-
slide aveas, Lhe shattered Jandslip Blocks them-
selves Jave been in high adegree vulncrable to
the ‘sttacks of solvent waters, frost, ete., nnd have
in wany cases mpidly disintegrated,  The whole
slupe of Darling Ridge, 03 of vther lindglide arcas,
is practically without surfice dminage ehinnnels, 0

be

the Rieo Mountaing sulfered noseveere shock, shat-
tering the rocks at the surfice nnd 1o unknown
depths.  As avesult of this shatiering wamy Land-
slides bave oceurred where other conditiong were
favorable.  ‘This shock must bave had its sowree
in greater or less depth, and may be referral to as
earthquake shock.

Twu importunt sources of enrthquake shock we
specially  recognizal, vig, that oviginating in the
relief of tengion arising from gtracium! movements
of the eavtl's erust, and that, conneeted with vol-
aanie phenomena.  The Rico Mowntaing represent
a center of upheaval amd infense fnlting, and of
igneous intrusions of w nature not strictly volenie,
1t sccms natuel o suppise that scismic disturh-
ances wust have taken place at the surfice of the
Rivo dome during the periods of fanlting wnd dur-
ingg the intrusion of at leass the monzonite magma
in the chiannels represented by the stocks of to-duy.
But thuse disturlaneces tovk place st so distant an
epoch that the eonncetion of the shocks now under
hacussion with cither of thew s ot planzible.

NBCENT GROVOGICAL NISTORY,

‘Many of the featnres of post-Glagial geology ot
Rico are insepurable in origin from similur {eatures
of Glacial and earlier time, since in those arts
of the avea that were not egversd by e similar
processes of generul erosion il of lacal depnsition
were active thronghout the Glacial siage.  For this
renson, i vefirring to certain phenginem g Bevent,
there is ne intention of limiting their nge 10 the
post-Glacial, but wmther to indicate that certain
conditions huve continued down 10 the present
time.  The Recent plicnmmena of the Rice region
arc mainly crosion and deposition. The latter
includes lnndslides, talos, and  avalunche 1oate-
vialg, river giavels, mul spring deposits, which
have been described as formations. ‘Fhe proe-
esses of their formation are 80 conmmonly known
that but little further reference o them scems
neeessary.

Lost-Glucial erosion.—1f the grvely occurring

deprtits, bt these e ol alw,

ays clenely distin-
wuishable from délris of uther wrigin,

While the lneral trilutarices of the Dolores have
na bottom deposits of inipovianee, several of them
Barve Wit up very decidil atluvisl ¢cones ut their
mouths.  The more important of these ave repre-
sented on the map,

Sl depnsits of caleareous. sinter or tufu have
been noted at vavigus pmints on the banks of the
Dolures, and several of them me shown on the
map, At a nunber of these points the apring
witters wre still highly chavged with earbowe of
lime nnd depasition is still going on.

Jtowill be noted that the efieet of wenrly ail of
these recent agencies is to medify the form of the
mowniaing exigting befure the Glacial epoch and
the heginning of the laudslides, Ly producing
gemtler furms of the rvidges and by illing up in
sonie degree the varions vallevs.

Gus springe—~Iamanations of enrhonic ncill gus
and of sulphurcted hydrogen accompany many
springs of water in the Rico region.  The former
iz continually esmping in large quantities in the
cential part of the are, while the litter s noted
i many plices on the west side of the monntain
gronp in the dminage of Stover und Johinny Bull
eree Poth mses doubtless have their ori
chemical changes which nre going on st u grenier
or less depth bencath e surface, and the waters
with which they are ussociated may or may not he
of deep-seated origin,

In sonme eases they cor-
tainly wre nol, for at the sulpline springs the
water increases and diminishes with the hamidity
or deeness of the season, and at eertain times the
flow of wuter censes entirely, while the gug con-
tinues o eseape. 10 appens that in suely instances
the guses have found the same channels slong
which the wuters wre cirenbaing and  that the
two mix wind eseape together, In the section on
“Faoonomic geology™ Mr. Ransume tedls of the
frequent appearunce of arbonic acid gas in mine
workings,

June, 1904,




14

ECONOMIC GEOLOGY OF THE QU

Ly 1. Ransume.

VCable wine wnd o the experhmental tretoent of | whih vadous gangoe mi
is wore or Jess vongplete
ores hag mken plice, resd
arex, ofteu very riel in ~i

INTRUDUETIDN, , ¢ ‘
the sphaderitie ore there fonud,

The pringipal ore deposits of the Rico guabmngle T~
ave conlined to its northest corner, and are inchidal s N
within the ara of about 35 square miles covered by | The toml production of the Pioneer mining
the Rico special map,  Lhe mining district is nearly ' distrier @n be onty ranghly catimmted. Accord-
coextensive with the isolated gronp of penks whtich  fng o the reports of the Director of the Ming, the U I all probabiliny mon
have been deseribed in the foregoing poges o= 1he L onipul from 1879 1o the ond of 1905 bas been § deced in the Bivo distris
Rico Mounting, Rico,u town 6f u few hundral ahion: 75,000 aunees of gold and 000000 onnces { Fll.  This s is upy
inhatbitonts and the seat of Dolores Counmiy, lies ! of silver. The value of the entize provue, includ- diately south amd et
nearly in the conter of the district, on the Dolores ing the base menls, proballv lis somevhere | western flank of  Dule
iver, which imverses the sren from north to ) hetween $3.000,000 wnd 210,000,000, By fir the [ 1530 may e eonsiderad
south.  Phe Rio Grande Southern Nnilway con- groaer port of this has been silver. Pres

MISTRIBIT N

= by Silver Ceeek, an the
developments indivate that thé district wuy seon fon the south by Demds.
produce considenble zine wal tead. : by the clifts formad by
stone chirngteriatie of 4
Hoermusa, On this s
The ores of the o district show lHllISImltrl'\fd with surfine wasli,
spen,  Newwman, Ui

neets the wwn with the Deaver and o Grulde
gystem at Purnngo on the sl amd at Kidgoway
an the nowth, o e i et s s et Tyt
The following gencral aeeount of the ore depos- PRELIMINARY 0PTLINIE OF 51 0B DEIOSITS,
ity is for the mose et comndensel from 0 report
entitled ““The Ore Teposits of the Rive Moun- " varicty in their ovenrrenee, us mgands bolh form
e i the Pwenty-socond Land gonesis, 1t is proposad in tids report 10 treat ) wing, in which the oy
Survey in 1902, To that | ihe Jdupasits under fone genernl heads, namelys |anid partly in Dlankets,
L) Lades, {2) Mankets, (3) rephiocments in lune- | pal one is oty ki
istone, wnd (4) stocks. This i confessedly and | Enterprise “comaet.”
!

tnins, Colorado,” publis
Annual Beport of this
report ihe resder is referred for detaikad desvrip-
tiong of individual wmines.

abviously o rongh grouping for convenience and§  Also on the ¢ust side
clarness of trextment, and is not intended us a § nerth of Silver (revk. i
scientifie elagsifieniion. of Telescope Monmain

Untder the first head will be deseribed 2 ple or {ore sinee 1870, The s
wsually neavdy verticnd, which when {in fodes, whieh in theis
fiat. 8 dip 85 w0 cone

HISTURY OF MINING PEVELOUMENT,

Beconis of the discovery mnd corly developmeni.
aof the Rico are dapaosits are fmgwentary and often
conflicting.  The first recorded attempt to progpeet { complex veh
the region was in 1361, when Lieutenant Howard § they oceur in the sedimentary formations cut across
and ather members of John Laker'a expudition * the planes of hedding. They nre fractores or fis- | deposits,
into the San Juun region made their way over the §sivies n the rovks, which lave heen afiervards] CoJL G 1N New in
Eight yens later Shafer § fillal with ore or valueless vein matter. Baby 1HIL Ivizu da
with workings from
taken,  The ore, target

mountiing from the cust.
and Fearheifor Luilt a cabin o Sitver Croek, nisv s Guoder the second hend wili be trented vavions
ite Junction with the Dolores River, and joented | deposits usuadly more nearly lhocizontal than ver-
One of these, the Pioneer, subse | tead, and lying parallel 1o the plaes of hedding s, fhe contingity o
or to the surfiwes af futrude! shews of igneous, hroken by lumdshide s
rock. These are tiwe depasits Jwenily known a3 From the three hitt
0 This term, waml inoa sense b B grventer part aff the Ki
ernd imporzint o

several elaims,
quenily gve itz name to the wining Jistrict.

In 1872 L G Darding and others erevied :ml
adobe furnace and atempied 1o gl ones from | “cont:
wihat are now known s the Atlamie Cable, s no necessiry conmetion with ils true gologic | sev
Aziee, Phoenix, and Y Jucker  elaims. fmaniog, has anfortumtely S dts way into ; prominent of  these
They were musnecessfnl, and @ was not ontil ! ierature sid bas been 5o wniverstlly adopied [ mine, bitween Silver
1877 that active prospecting was resamed in the | by the miners that it ds dificult to aliogeiher | where the ore vevnrs

t:m\id it uge,. Wierever cmployed, however, the | sniphide veplicemen

Pioncer district.

Tn 1879 rich oxilized si)lver ore wos discoverad i word will be plawced in quatation marks, dicating | stone. Another exan
an Nigger Buby L and the fivure prodietivity | its e staoding wy miners’ vernaenlar, Horse Creck. ahout 4*
of Newman Tl wag foregizclowed By the shi]»! Uder the thind bemd will be considered those | its wouth, where the

fnestone, The Jobi
Bull Momaain, mer
also produced sunse or

ment to Bwansin of some ore from the Chestont Ddeposita, often feregabar in form, which have
vein, The town of Rivo @i onee sprong into | resmlted from the  metasonsic rephicement of
existence. , dimestone by are,

In Qutober, 1387, the lirgeas nid richest of lhu{ Lastly, wader the fourth head, will be noticed The enfire hasin ol
Il o bundies, often referral o 05 “chim- | slope of Fxpectation
of whivls the Jubnny Bull s the principst | prospeets, many of
quaintities of ore, la
3 hotween theze various | donal,

blanker deposits on Newasan THI wag discoversd Ly fow s
by David Swicklimer in the Baterprice shalt, st 9 neys,”
depth of 262 Feut, andd showtly afier vre bunlivs wore example in this region,
found in the Blackluwk, Lugan, and Rico-Aspen No sharp distinctian exi
nines, Pdeposits.  Lades of flat dip may pass into badding ] Another depesit
The Enterprise mine was sold in 1500 10 o' Gl slong wink simta, producing beoeeing whieh, | prospeetive vahue s
s year saw the b whien winerlized, are elissed as Bankeizo  The | mine, on the nanh
advent of the Rio Grade Souwthern Ruilwar, Y minembiadion of suel a brocey, particalarly i ] lenn, sphaderite,
Vigorous cxploitition waz coutivued in varions ' the nmterinl be esfenreons shale, is Tikely n:; e | replacements of the €
s of the district undl 1805, when mining lreely by metisonatic teplicement, producing o | By reforence to
netivity shawed signs of abating. vdeposit elosely akin o shose ressliing from the } pondemsec of the in
Since 1305 the omput of tha Pionver ddistrics simple seplsceivent of Faedtone, Moreover, the  in e Hermosa, pa,
hos decraased. The Jurge lealios of rich “eon- vre bodivs wronped under the seemnd und thivd { dle divisions, will lae
Gret” ove have been mined oetoamd sy of the heads are aivays Iothoetdy connected with fis- | of the due, where
vuing luve beew worked down won depthat whivh sures or lod s which iy or mag ot be themselves } i sediments o
¢ Iorge ove hodies dian

Pitigsbury company, sl i

the ore no donger pavs for shipmenl. Musses of  produeive.
ore often proved o be curiously limitel, owiing ty The granier jazt of the product of the dizidiet § Bul), it is (e, oo
varivis comlitiong that ave cwmcteristic of the has coe fran the blankas. Some of the Indes , ore budy, alibongl,
v hie deeerild. Bave proved sch, Tt teie valne by invaniahly © eonsidemlde exeiten
ble working st a2 than a packet.

region aud thas will pase:

The dictine in the prbe of silver has bl o falien bebow the linit of pro
deprvssing  effeet oo shis as on oher disries | rosarkabdy sledlow depil, whivih genciudiy I al MINEE S
sport ol e ouipnt, eopaaat relition S smne overlving hlsnke witho o
Seht e ode o Dol v, Svane favperting 0 The one o8 e !

where this meinl fonuza b

X Lae odl hiee $upieapyy

ate Leplin faaneriv w
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OMIC GEOLOGY OF THE QUADRANGLE.

By L.

Baunsama.

aml to the experimental treatment of
i ore there found.

PRODUCTION.

Eoproduction of the Pioneer mining
be only ronghly estimated.  Accord-
wports of the Director of the Mint, the
8T to the end of 1903 hus been
4 punees of gold amd 9,000,000 ounces
{he value of the entive product, includ-
i mutads, probably lies somewhere
o), 000 and $10,000,000. By fur the
1 of this has been silver.  Presemt
s indicate that the district may soon
w<idermle zine and Jead.

NARY OUTLINE OF THE ORE DEPOSITS,

- of the Rico district show mnusnal
their accurrence, as reards both form
It i propuosed in this report to treat
< weder four general lLeads, namely:
1) hlunkets, (3} replacements in lime
i) stocks. This is confissedly and
4 rough gronping for convenienee and
i treatment, and s not tended ug n
assificaiion.
ie first head will be deseribied simple or
inz, nenally nearly vertieal, which when
in the sedimentary formations cut ueress
They nre fractures%or fis-
he rocks, which have been sfterwards
e or \'Hh!c’(ﬁg \'c;" mater.
Be sevond hiend will be treated various
amlly more nearly horizontal than ver-
iving paradlel to the pianes of hedding
Aurfaees of intrudul sheeis of fgncous
seoare the depogiis lovally knewn s
This term, used in 2 sense it hng
wy conneetion with g frue geologionl
lone unfortunntely  found s way into
sl has heen g0 wniversally adopted

DY R4 LHTS PR PRI

of hediling,

e hw

with various mungue minerals. Tnomany depos-
its more or less complete oxidation of the prinsry
ores has tken phice. resuliing in pulvernlent carthy
ores, often very vieh in silver.

PISTRIBETION OF THE OIS,

In all probability more thun half of the ore pro-

f-\ﬁ%éi' ;*"‘*

wineralogical or connereinl distinetion, and are
not neeessavily of difterent age.
The priscipal minerals oceurring as o direct
tresult of the geneml processcs of minemlbizition
are as folle
Lyrile—~"This is by far the most abasndnnt sul-
phide in the district.  Assoviated with quurtz snd

duced in the Rico disivier hus come from Newman dsumll amounts of  chalenpyrite. splinlerite, nand
JIL This name is applisl to the slopes bume- | andena, it constitnies the  pmctically  worthles
dintely sonth and east of Rico, constituting the ! filling of most of the lodes. It is found in lange
western flank  of Dalores Mountain,  Newman | bianket-like masses, free from zangue, in C. 11

Hill may be considered az boundud on the north
by Silver Creek, on the west by the Dolores River,
on the sonth by DNemdwand Unlels, and on the east
by the ¢lifis formned by the maxsive hed of Yime-
sione chavacteristic of tie medinl division of the
Heimosn.  On this stope, which is deeply cov-
ered with surfice wash, are the Faoterprise, Rico-
Aspen, Newman, Uaion-Carhonate, and  other
mines, in which the ore oecurred partly in hules
and partly in blank OF the Iatter the princi-
pal one is loeaily known us the Newman Hill or
Enterprize “contact.”

Aldso an the enst side of the Polores River, bat
north of Silver Greek. is Nigger Baby Hill, v spur
of Telescope Mowniin,  This hill las produeed
ore sinee 1874,
in Jodes, which in their upper postions pozsess so
flat a dip as to constitute essemially  blanket
deposita, -

C.IL CUE Y inmmediately novth of Nigger
Babe Hitk. 1t is_a Jandslide aren, honeycombax]
with warkings from which mnch ore has been
taken.  The ove, brgely oxidized, vecurs in Llank-
eis, the continnity of which has heen greatly
broken by fandstidle movements,

. . . . .
From the three hitls mentionedd s eome the

arester part of the Bieo ore. There are, however,
severi important outlving deposits. The o
prominent of these s that of e Bhckhawk
mine, hetwern Sitver Greek el Alvn Guleh,

wVime s peme eseees axibizeed inoa bkl gl oo

The ore ereurs in oxidized form

C. HEL Tosimilar asses, Tat usuafly in more
Psolid condition, it iz found as a replicament of
Vlimestore. This is the mode of its oceurrence
Pin the Dlackbawk mine, where it is frequently
I:z.-;-;oc?:uml with fluorite and grudes by inerease
jof chaleopyrite nind giena jnto workable ove.
tAkhougl commonly contuining sl quantities
fo{' sitver and gold, the pyvite has hitherto proved
itm tow in grude for sueeessfsl treatment. Rick-
sund records that the pyrite fram the northwest-
} erly ledes in the uterprise mine usuully afforded
Fon assay from 4 to 8 ounees of silver and truees
Yof wold, Tu the Gold Anchor prospeet in Bull
i e Dody of pyrite wag found which
is said 1o have indieaied, in single assys, a3
st ax 90 vuncees of gold per ton, but which
iusz w whole did not gy the cost of extraction.
Y Galena,—This very important ure mineml oceurs
Pabundantly in the Enterprise blanket and in most
of the bodics of unoxidized ove 1that have been
worked in the distriet. )t i adways avgentifernus,
“lust appanenily does not constitute vich ore nnless
Paeegmpiniad by argentite, teteahadrite (fretberg-
ite?), pronstite, or polylasite, 22 s the ease in
Cthe Newman Hill mines.  On the other hand, it
nowhere orenes in safiiciently Jarge nussses, wnless
possibly fnthe Aduntie Cible mine, 10 he work-
able fur G2 dead alone, 1t presents 1o unusend
peenliivities 0 thiz region and g, as elsewhere,
ey slwenys necompanied Ly sphalerite.
Splaslesite—Line blmnde i< an abondant eonstit-

"
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elnima,

Al
Jueke

ko us tine
and - Yellow

whul o afe ey

Astee,  Phoenix,

They wrre wnsmereseind, amd i was noet \|1||||'\||¢p|1||r(- and has been sn aniverailiy ."h,'m:d-

1877 that active prospecting was rosed in the
Tioneer distriet,

In 1879 rich oxidized silver ore was diseovered
un Nigger Baby Hill, and the future productivity
of Newmun 1l was foreshadowed by the ship-
ment 9 Swansen of some ore from the Chestnut
vein. ‘The town of oiee sprang into
existence.

Tn Qetober, 1387, the largest and richest of 1he
blanket dvpaost

Iivo- at

its on Newman Tl was diseovered
by Dravil Swickhimer in the Baterprise shaft, ata

depthof 262 foot, wind shortly atier ore hidies were
fonnd in the Blackhawk, Logm, aud Rico-Aspen

T lu, Faterprise wine was sold in 1890 19 o
Piusborg company, and the sune vear sw the
Rio (i Sontharn Railway.
Vigovous explaitation was continnsl i
the district. wntil 1805,
activity showed signg of abating.

Sinee 1595 the vutput of the Pioncer district
hus deercusad. Fhe lavge bodies of el “vone
tiet” ore have heen wined ont, and many of the
veing have been worked down o o depth at which
the gre e lunger poys for shipment,

abvent of  the ranle
HrHOng
when

parets off mining

ore often proval 10 be curigusty limited, owing to
varigus conditious that nre characteristic of the
region aind that will prerently e deseribed.

The ddecline in the price of silver has had 2
depressing effct on this as on other distriets
where this metal forms o large paet of the ontgon,
et nenely alb the Gwportant gre hodies Gienerdy
exploited were sullicicntly vieh 1w b workable
luy had they not been exlausted.  Tn 14000
ihe unly ore being shipped from the district was
an geensional carload tiken out by leasers working
anall aress of unexplorad ground
mines,

Tu 1402

in the larger

practically all the important mines in

the district. were congolidsted nnder the name ¢

the Unitwl Rico Mine Company mnd although no
material increase of produetion hag vet resnlied,
the new eompany s devoted sl wit consider-
able swecess o the development of the Audantic

Musaes of -

with its true gondugival

wmenning, Tag o fortun ately fownd @13 way inte

B HEEEESIY ericetion

by the miners that it s dbitfientt o shiogether
weoid s wwe. Wherever cmployal, however, 1he
word will be placed in quotation marks, indicating
itz true standing g mines’ verpneular,

Under the third head will be considered (hose
often dfrregulur in form, which have
resulted  from  the nwlxwmnlm replacement of
limestone by ore.

Lastly, under the fourth head, will he notiewl
a few small ore bodies, 6ften veferred to ag “chim-
neys,” of which the Jehnny Ball is di prineijal
example in iy region,

Ueposits,

No shary distinetion exists hetween these various
deposits.  Lawles of flut dip may pass into bedding
faulis wloug weak stiata, producing breeving which,
when mincemlized, are eligsed as blinkels,
minerlization of sach a hreeeia,
Uiz weterial be calenons shabe, s likely (o b
larzely mnatic replacement, producing a
deposit closely akin to those resulting from the
simple replecement. of linestone. Morcover, the
ore hodies gronped winder the second und thind
hemds we ulways intinately connected  with fis-
sureg or ludes which may or may not be themselves
proshutive, '

The grenter part of the product of the district
s come from the blkats, Some of the lodes
have proved vich, but their value has inveriably
failen Lelow the limit of profitable working at a
remarkably shallow depth, which genamlly lovua hit
constant. relition (0 some overlying hlml\d with
which the lode or Todug connest. Som § Bnpostant
hodies of ore have wlgo been formed hy dirveet
replaceent of limestong,

The bulk of the ore has been fouud in the Car-
bouiferous sedimentary seriey, purticularly that por-
tion of it known us the Hermosn formntion.  This
is nearly cqnivalent 1o snying (hat maogt of e ore
has come from the central portion of the distriet,
in the heart of the dome-tike uplift of the Livo
Monutains,

The oves consist primarily of gulena—oficn

The
pavticaduly i

by me

highly nrgculil'vmus amd associnted  with rich
silver-buaring  minerals—sphalerite, and  pyrite,

Tl et
Ppominent. of these 35 that o the Blackbawk
ming, letween Silver Cruek aml v
where the ore ocems oxidizad in o lode
sulphide veplicement deposits in massgive lime-
stone.  Another example is the Tozale mine, on
Horse Creek, nlmut three-fourths of a mile from
ity nwuth, where the ore alsn oeenrred replacing
limestone,  "The Jolmmy  Bull wine on Jolinny
Pkl Montain, near the hend of omse Creek, hag
also produced some o

‘The eantire basin of Llorse Crevk and the musiern
slope of Faxpeetation Mountain ave doited  with
prozpects, many of which have produced gmall
quantities of wre, bl neaely ol see now sl

severl dmportnt outlving deposiis,

Ciuleh,

Aol
Awother deposit. of canzidemble  interest anil
prospeetive value is that of the Athinie Cable
mine, on the oorth side of the town, in which
aitlena, splalevite, and other winerbs oeenr ag
vepbrceents af the Devanian lnestone,

Iy relevence o the genlogicad wap e s
panderance of the important ore bodies
in the Hermosa, pavticularly in the lower sod mul-
e divigions, will he evident,

n'urri

Nesp the periphery
of the dome, where the Perminng, Ty ¢,
Jurssic sedimens now constinme the surfice, no
large ore badies have heen fowmd,  The Johnny
Bull, it is true, ocewrs in Dolures voeks, hut the
ore body, althongh wiving
considerable exeitement,
than a pocket.

one thne Hise o

proved to be littde more

MINERALOGY OF TIHE OLES,

The ores of the Rico district present fow st
worthy ur peculine minemdogicnl  featnres,
neesd receive but briel trestment ander this head,
They way be youglily dividel imo (1) pyritie
oreg, uswally of very low grde, und (2) o
tiferons galena ores, sometimes with rich silver
minernls wd often contining mach sphalerite,
The pyritic ores congtitinte the clmmeteristic vein
filling of mast of the loles aud oceur in many
of the Lkinkets manl other depusits.  The gmlenn
ores lurm the worknble ore hulies, depusited vnder
vaviong fuvornlle cirenustances of coneenteation.
The two kinds of ore are not copuble of sharp

'
anl ug

o e T f . . oane

] .
able for ite el alone, 10 presents e unusoal

poeuliaritios in this region il 28 elsewlion:,
nearly slwnys aecompanivd by splalerite,

Sphedderitesmrzine Wonde i an abundant constit-
nent ol the rich ores of Newnan FL, which sonne
times contuin aver 13 por cemt of zine. It comnon
agsorintes in these ores are galena, claleapyrite,
rhodochrogite, and gquartz, and it ocers bt in
the notibensterly lodes and v the blanker. s
also fowd in massive geonalae form, msouinteal
with a little chalcopyrite, golena, and fluorite. in
the Blackhawk wine, where it mukes up np-onsid-
crabile part of the large replicement hodies in e
stone.  In the Atlaotie Cable claim it ocenrs in
eoarsely crestalling wodular vis
chilorite, spreshidte, eladeopyrite, amd galena, in
limestone.  this sphalerite is durk I:m\\u, while
tiat in the Newman Hill veins is wsually rosin
coloved. 1t is also obandant in the 8
and i the Paneroft and Lily D, progpacts, assn-
cinted with galena,
les antil vovently been porely an ghjectionalde
feutnre in the oreg, owing 10 the penalty attschel
by the smedters to ores containing over 10 per eent
of zine. Dt in 1900 experisents worg hegun to
determine the bility of working some of the
sphalerite ores for zine, At the present time zine
ore is extmeted in commercial quantitics from the
Atlantic Culle by the United Rivo Mines Conue
pany andd freated in o small stmwp mill, The
wlena in meved on vinners and the splinteite
concentratel by ot omagnetic sepurtor. Some
shipments have heen made, but the plant s
cszentindly expurimental,

nssoeited with

nnlm nine

'”v(: et

et ol splinberite

Chaleopyrite~Thiz minerd is uot very abnon-
dant i the [tico distriet, although nearly
present with gmlena and pll:ll(.lll(, in the workable
ores.  Associaied with pyrite, flnorite, and some
finely grunular galenn and sphalerite, it formed
sume of the buzt are in the Bisckhivwk replace-
ment badies, whiere it ofien nccurrl fine con-
centrie or irregularly enrved, narrow lands, iy
present in gmall quantity in the blanket and lule
ores of Newman Hill, in the Silver Swan, Aztec,
and Atlontic Cable prospects, and in nimny other
lodes and Dlankets thronghont, the district.

Tetrahedrite.—Gry copper ore veewrs in the

wlwnys
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ForMATION NAn®.

CRETACEOUS

UPPER CRETACEOUS

AMancus shinle,

Dakota sandstone.

GENERALIZED

Copppxan |

bl SKETION.

ECTICK

e . ———— .

SECTION FOR THE MICO QUADRANG.E.
11 INGH = 400 FEET,

CHABACTER OF FORMATIONS,

Soft, dark gray, or almost hlack. carbionaceons elay shale containing thin lenses or conere
i h 1 - Bl es the Colormlo group and a portion of the Pierro division
Fussils veenr more or less abundantly at severn! Lorizons.

1 1
Montana.

snall chiert pebbles at or near the base,  Carbonseeous shinke partings ocour at several v

and eval of poor quality is loeally present.  Indistinet fossil loaves ocour sparingly.

-JURASSIC

MeEhno formation.

400-1000

1 (:mv or rusty brown quartzose sundstone or quartzite with a variable nerato, e
|
|

A eomples of alternating friable, fine-zrained "'P"ﬂ"ml or grayish sodstones and shades
sttudntegies are seldom more tiem 2e foet ik, They often fnchude fokes of grayish
shale.  The shales are chiclly green in color. %ut way be pink, dark sed, or chovolate ©
Seme siude layers are sunly and others highly calcarcous.” 20 fuseils have been found
UeEhno strata.

La Plata sandstone.

Jip

Cousists prneipally of two massive. friable, white sandstone beds, with a narrow bad «
| limestone or caleareous shale between them.  The sandstones are quartzose, of even wra

tinetly crosx beskded. and form suisssive eliffs where ex) J e ur en
is loenily hreeciated or reev ted. Nod inmble fossiis have been fonud,

TRIASSIC?

UNCONFORMITY

Dolores formation.

400

»‘“'.\.-.', -

el

! Sandy marl und fine-grained sandstone and shale of bright-red eolor with fine lineston
glowerate uear the base, in which are found teeth of w eracodile (Helodon) and of a meg:
r;-m‘«lim»:mr. with a rare gasteropiad shell similar to siviparus, lndicating the Trinsiv
the formution,

CARBONIFEROUS

PERMIAN 7

Cutler formation.

1600

A eomnplex «f bright-rod sandstones aad liwhter red or pinkish grits and conglomerates alter
with sanedy shiades ol carthy or sandy limestones of varying shados of red.

FENNSYLVANIAN

Rico formation.

Hermown formation.

Dark reddish-brown sandstone and pink grit, with intercainted greevish or reddish shai
saudy, lossiliferons limestone.

Ch 1300-2000

A reries of grits, sandstones, s
vitit and sandstone in massiv
the lower portion eousisting of t!
ous iuvertehrate fossils vevir in s

g distribution and ey
e wind pper parte of the s
iestunw layers. N

les, and liestones of va

i predowinate in the
wr bededed sundstone, shale, and
o annd Jinwestone.




. ieo formation.

i% < (r-.

Al

MeElma formation,

Ta Plata sandstone.

Jp

400-1900

-

A romplex of alternating frinkle, fine zrainel. yrllm-h\n or grayish sandstones and shales.  The
wandstones nre seldoin mere thin 20 feet thick. ten doclude fukes n! grayish clay or
shinle. The shakes nre ohiolly green In eolor, but nmy \n pink, dark red. or brown.
:m’-':mlv Inyers nrv sauly amd others highly enlearcoms. No fosslls h.vo l-eo- found in the

¢ nwtrnta

250500

L Consists principally of two mnssive, friable, white sandstone heds, with a narrow band of dark

Timestone or enleareons shale between theu,  The -lnl-!--m- hre vlmmu-u. of even grain, dis
tinetly eevms bnddond. aand fonn massive eliffs where shule
In loeatly breovinted or reemented.  No dﬂ.nnhnhl. foumile hiave been (muld_

~——— UNCUNFORMITY

Dolares format ion,

PP et

b Tres s e T e bt
g

Sandy wnrl and  fine grained sausdstone amd ehade of bright-rad color with fine limestone eon-
whotmernte near the hase, bn whielo are fonmd teoth of o eroewdile (Helodon) and of & megnlosau-
a-kI‘cluu-nnr with s rare gasteropent shell siiilar 1o sioipr rus, nllonting the Triassic nge of

w formation,

Catler formation,
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A connplex of bright-red sindstones and i, 'I\In red o:}olnkldl grita and couglomerates alternating
with sandy sliades wnd oarthiy or sasdy limestones of varying shades of red.

Dark redilish drown -mul-lmu amd pink grit, with Interenlated greouish or reddish abale and
saruly, foowiliforons Hmestone.

Ilermonn furmation.

Vmray limestone.

UNCONFORMITY

Uneompahgre formatinn.

Ignacio quartzite,
UNCONFORMITY >

A sories of grits, -M-lmn ﬂmln. and limestones of \-u{:{" bution and develupment
Grit and in the 1l upper parts of the section,
the luwer portion m.-um. of (lninner bexldedd mndstone, shale, and ln l-yon. Numer-

wnm Invertehrate fossdls oeenr in shale aml linestone.

Jlow to baff. compact lmestone. Jower thinl shaly with thin quartzites.  Abundait fousils

Dol
te Devonian age of lower two-thinds amd Mississippian age of upper part.

ind

}

Quartzite, massive nnd envglomeratie in Jower part, thin bedded with shinde and sandy p 3
in modinl zone, suoroodol hy more massive quartzite.  Light gray, pink. or yellow pnd
| nates, One whell, aboltex s, %, has been found near the middle of the formution.”

White or sinoky quartzite and dark slate, mainly massive, but in a few places alternating in
thinner luyers.  No fossile iave been fomnd,

|
!
i
|
|
|
| .

WIHITMAN CROSS,
ARTHUR C. SPENCER,

Gevlugists.




As sedimentary deposits or strata accumulate the
younger rest on those that are older, and the rela-
tive ages of the deposits ‘muy be determined by
observing their positions.  This relationship holds
exeept in regions of intense disturbance; in such
regions sometimes the beds have been reversed, nnd
it is often diflicult to determine their relutive uges
from thejr positions; then fossils, or the remaing
and imprints of plants and animuls, indicite which
of“two or more formations is the oldest.

Stratified rocks often contain the vemuing or
imprints of plants and animals which, at the time
the smta were deposited, lived in the sea or were
waushed from the land into lukes or scas, or were
buriel in surficial deposits on the land.  Such
rocks are called fossiliferous. By studying fossils
it hias been found that the life of each period of the
carth’s history was to a great extent different from
that of other periods. Only the simpler kinds of
marine life existed when tlie oldest fossiliferous
rocks were deposited. From time to time more
complex kinds developed, and as the simpler ones
lived on in modified forms life became more varied.
But during esch period there lived peculiur forms,
which did wot exist in earlier times and have not
existel since; these are characleristic lypes, amd
they define the age of any bed of rock in which
they ure found. Other types pussod on from
period to period, and thus linked the systems
togethier, forming u chain of life from the time of
the oldest fossiliferous rocks to the present.  When
two sedimentary formations are remote from cach
other and it is impossible to observe their relative
positions, the churucteristic fossil types found in
them may determine which was deposited first.
Fossil remains found in the strata of different arcus,
provinces, and continents afford the most important
mezns for combining local histories into a generl
carth history. ’

t is often diflicult or impossible to determine the
age of an igneous formation, but the relutive age
of such a formation can sometimes be ascertained
Ly observing whether un associated sedimentary
formation of known age is cut by the igncous
mass or is deposited upon it.

Siwilarly, the time ut which metamorphic rocks
were formed from the original masses is sometines
shown by their relations to adjacent formations
of known age: but the age recorded on the map is
that of the original masses and not of their meta-
morphism.

Culors and patlerns—TFach formation is shown
on the map by u distinctive combination of color
and pattern, and is-labeled by a special letter
symbol. )

Symbols and colors assigned to the rock systems,

Systom. Coler fur sedoneniary

Brownish - yellow.
Yellow ocher
Olive-green.

Blue-green.

Peacock-Llue.

Permian.
Pennsylvanian Biue.
A isinsippriansi. .

|

| Carbouifcrous. ' c

S
(

p 3 T N R Blue gray.

|
] : Blue purple.

! [¥] f Hend puirple.
|

§ Lawnbivenn | i

ordovicia, ...

planes.  Suitable combination patterns are used
for metamorphic formations known to be of seli-
mentary or of igncous origin. .

The pattertis of each class are printed in various
colors.  With the patterns of parallel lines, colors
ure used to indicate nge, a particular color being
assigned 1o each system.  The symbols by which
formations are labeled consist each of two or more
letters,  If the nge of a formation is known the
symbol includes the system sywbol, which is o
capital letter or monogram; otherwise the symbhols
are composed of small letters. . The names of the
systems und recognized series, in proper order (from
new to old), with the color and symbol assigned to
cich system, are given in the preceding table.

SURFACE FURMS.

Hills nd valleys und all other sarfuce forms have
been produced by geologic processes.  For example,
most valleys are the result of erosion by the strauns
that flow through them (see fig. 1), and the alluvial
plains bonlering many streams were built up by
the streuns; sca cliffs are made by the eroding
action of waves, and sand spits-are built up by
waves. Topographic forms thus constitute part
of the record of the history of the earth.

Some forms are produced in the making of depos-
its and are inseparably connected with them.  The

hooked spit, shown in fig. 1, is an illustrution. To’

this cluss belong  beaches, alluvial plains, Java
streams, drumling (smooth oval hills composed
of till), and moraines (ridges of drift wude at the
odges of glaciers). Other forms are produced by
crosion, and these are, in origin, independent
of the associated material. The sea cliff is an
illustration; it may Le carved from any rock.
To this class Lelong abandoned river channels,
glacial furrows, and peneplains. In the making
of u strewm terrace an alluvial plain 4s first built
and afterwards partly eroded away. The shap-
ing of a wmarine or lacustrine plain is nsually a
double process, hills being worn away (degraded)
and valleys being filled up (aggraded).
All parts of the land surface are subject to the '
action of air, water, and ice, which slowly wear |
them down, und streams carry the waste material |
to the sca. As the process depends on the flow
of water to the sea, it can not be earried below sen
level, and the sea is therefore called the base-level
of crosion. When a large truct is for a long time
sndisturbed by uplift or subsidence it is degrad
nearly to base-level, and the even si¥fuce thus
produced is called a peneplain. If the tract is
ufterwards uplifted the pencplain at the top is
record of the former relution of the tract to sea level.

THE VARIOUS GEOLOGIC SHEETS.

Avreal geology map.—This map shows the arcas
occupied by the various formations.  On the maur-
gin is a lrgend, which is the key to the map. To
uscertnin the meaning of any colored pattern ‘und
its letter symbol the reader should look for that
color, pattern, and symbol in the legend, where he
will find the name and descripiion of the for-
mation.  If it is desired to find auy given forni-
tion, its name shiould be sought in the legend and
its color uml pattern noted, when the areas on the
map corresponding in color and pattern may be
truced out.

The legend isalso a partial statement of the
geologic history. In it the formations are arranged
in colwmnar form, gronped primarily according to
origin—scdimentary, igneous, and crystulline
of unknown origin—and within each group they
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